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The acquisition of terrain data from aerial photography using digital
photogrammetric methods gives the engineer and planner an economical al-
ternative to conventional ground surveys. This paper describes a com-
plete photogrammetric digitizing system developed for the Portland Dis-
trict Army Corps of Engineers. The hardware of the system consists of a
Wild AlQ first order stereoplotter interfaced to an Altec AC-74 coordinate
digitizer which is interfaced to both a Hewlett Packard $810A progrommable
calculator and a Digi-Data nine-track magnetic tape recorder. The software
of the system consists of photogrammetric routines developed for online

computation by the programmable calculator and a sophisticated FORTRAN IV



program called PHOTDIG which processes the digitized photogrammetric data
from the nine-track magnetic tape at the Corps of Engineers data processing
facility which contains an IBM 370 computer and a Calcomp 748 precision
flatbed plotter. The processing of the digitized data by PHOTDIG produces
terrain information required by engineers and planners such as state plane
coordinates, elevations, cross-sections, profiles, etc. in both digital

and graphical formats. The system has been in production use for over

two years in the Portland District Photogrammetry Section and has signi-
ficantly increased the efficiency and economy of photogrammetric data

acquisition.
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CHAPTER I

INTRODUCTION

The stereo pair of aerial photographs and the optigal-mechanical
stereoplotter have proved themselves to be a valuable tool to the civil
engineer in the production of large scale topographical maps which are
used as a basis for his design. The use of photogrammetric map compila-
tion offers a tremendous economic advantage over the acquisition of
topographical data using field surveys as the sole method.

Héwever, traditional photogrammetric map compilation, where a
topographical map at a predetermined fixed scale is directly produced by
the photogrammetric technician operating the stereoplotting instrument, is
being supplemented and superceded by digital photogrammetric methods, where
the XYZ coordinates of terrain points are recorded into a computer readable
format to permit computer processing and automatic plotting of the digitized
topographical data. The advantage of using digital photogrommetric methods
over conventional photogrammetric methods is the flexibility of format in
presenting the data. Instead of receiving only a topographical map at a
fixed scale, the engineer has a data base from which he may easily extract
topographical information in a variety of digital and graphical formats.

The following chapters describe a photogrammetric digitizing
system developed by the author for the purpose of processing digital
photogrammetric data into various formats of topographical information
useful to civil engineers and other professionals involved in project

planning and design. The system consists of the interfacing of various
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hardware components aéd the development of sophisticated software to mcke
the system functional. The basic hardware components of the system consist
of a Wild AlQ first order steroeplotter, an Altec AC-74 XYZ coordinate
digitizer with 9-track magnetic tape recorder, a Hewlett Packard $810A
programmable calculator with full page thermal printer, an IBM 370 high
speed computer, and a Calcomp 748 precision flatbed plotter. The research
of existing systems, the selection of hardware components, and the writing
of the software were the major efforts in the development of the system.
Of the total software development time approximately 80% was required for
the FORTRAN IV routines for the offline processing and plotting by the IBM
370 and the Calcomp 748. The remainder of the software development time
was required to develop routines for online processing by the Hewlett
Packard 9810A progrommable calculator.

The system was developed to provide topographical information in a
variety of digital and graphical formats in order to eliminate much of the
manual compilation which must be done when traditionally obtained photo-
grammetric data is to be represented in different formats. The system
will provide an engineer with topographical information in the form of
ground coordinates and elevations for single features, profiles, cross-
sections, lineal features, and closed areas. Regardless of the processing
option selected the final terrain data is always presented in both digital
and graphical output. The system is unique in many aspects such as the
computational methods employed in the software, the utilization of a pro-
grammable calculator for online processing, and the full utilization of
avtomated graphics to accompany the digital output. The unique features
of the system are emphasized in Chapter III where the system is described

in detail.
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The final chapter in conclusion describes some specific applications
of the system and the benefits, economic and otherwise, derived from more
than two years of production use of the system at the Portland District
Corps of Engineers. The final chapter also includes some discussion of the
future trends in photogrammetric systems due to the rapid changes taking
place in the compyter industry. In the appendices, the reader will find a
user's instruction manual and source listing for the Hewlett Packard 9810A

and a source listing for the IBM 370 software routines.



CHAPTER 11

DISCUSSION OF THE PROBLEM

The value of vertical aerial photography to a civil engineering
organization cannot be surpassed in terms of being an economical source
of a nearly infinite amount of ground information. Existing maps are
usually too small of a scale to be useful to the engineer and are often
out of date. Field surveys and field reconnaissance are very expensive,
and are often not economically justified until the later stages of a project
when specific locations are being considered.

According to Whitmore (1) the first engineering application of aerial
photography was in 1858 by Aime Laussedat a colonel in the French Army
Engineer Corps. Colonel Laussedat prepared some maps using photography
taken from an unmanned balloon. However in 1860, Colonel Laussedat ab-
andoned the use of a balloon because of problems of obtaining the required
coverage from one balloon station. He switched to the use of ground
photography taken with a phototheodolite, a combination of a surveying
transit and a camera. Colonel;Llaussedat prepared a map of Paris using his
photogrammetric methods which compared favorably with maps prepared later
by conventional field surveys.

The first significant engineering application of aerial photography
in the United States was the complete mapping of the Tennessee River basin
in 1930 using photogrammetric methods credited to Whitmore (l). This was
a joint project between the U.S. Geological Survey, which had just acquired

its first stereoplotters, and the Tennessee Valley Authority.



The advancement of computer technology has led to the transition
from purely analog or instrumental photogrammetric methods to digital
or analytical methods which allow for acquiring topographical information
from the aerial photograph in a variety of formats instead of being limited
to only the preparation of a topographical map at a fixed scale and contour
interval. According to Doyle (2), the missile program of the 1950's required
advanced photogrammetric methods for precise tracking which could not be
satisfied by conventional analog methods. It appears that the space program,
in conjunction with a rapidly advancing computer technology during the same
time period, was the primary stimulus for the development and application
of diéitol photogrammetric methods.

Since that time digital photogrammetric methods have gradually been
accepted and applied by civil engineering organizations. According to
Waggoner (3) in 1944, the Walla Walla District of the Corps of Engineers
was successfully using digital photogrammetric methods to take engineering
cross-sections to determine contract pay quantities. Their system consisted
of a Wild A7 first order stereoplotter interfaced to a typewriter and an
IBM card punch machine using a Wild EK-5 control console (digitizer).

Given the rugged and steep terrain of their Columbia and Sncke River re-
servoir projects, photogrammetric methods were an ideal substitute for
conventional field surveyed cross-sections. At first some of the private
construction firms under contract by the Walla Walla District were skeptical
of the validity of contract payments based upon photogrammetric methods.

In fact the first field checks made by the contractors did not agree with
the photogrommetric quantities. However, when the precision of field sur-
veys used to check the photogrammetric cross-sections was increased beyond

what is normally utilized for cross-section surveys the accuracy of the



photogrammetric cross-sections was confirmed to be more than adequate.
According to Waggoner (4), their experience using photogrammetric surveys
for the relocation of roads and railroads at John Day Dam on the Columbia
River and Ice Harbor Dam on the Snake River indicated a cost savings of

at least fifty percent in comparison with conventional field cross-sections
surveys. However, to obtain accuracies comparable with the photogrommetric
surveys would have required field survey methods costing around forty times
the photogrammetric surveys because of the steepness of the terrain. Also
included in Waggoner (4) are copies of various letters from the R. A. Heintz
Construction Company expressing their enthusiasm for photogrammetric quantity
surveys after having performed extensive field checks using conventional
surveys.

The Portland District Corps of Engineers has utilized aerial photo-
graphy since the 1930's in conjunction with the planning and design of
civil engineering projects. However, except until recently the Portland
District Photogrammetry Section has not become involved in digital photo-
grammetry. Until 1974 the Portland District was limited to the production
of conventional contour maps using third order Balplex stereoplotters.

Any photogrammetric projects requiring digital methods such as engineering
cross-sections had to be performed by the Walla Walla District or Seattle
District of the Corps of Engineers. This created problems of scheduling
due to the Portland District's priorities being secondary to those of
another district. In 1974 the Portland District obtained a Wild stereo-
plotter which was declared surplus by the Walla Walla District. Since the
Wild stereoplotter was of significantly higher order than the existing
Balplex stereoplotters, it was decided to modify the Wild stereoplotter and

acquire the components to give it a digital capability. Basically the



problem consisted of selecting the appropriate hardware components and
finding or developing appropriate software for processing the digitized
data.

The primary hardware requirement of the proposed digitizing system
was the digitizing console which is often referred to as a digitizer. The
digitizer is the heart of the system in that it provides the function of
counting and displaying the pulses generated from the three rotary encoders
which would be mounted on the X, Y, and Z axes of the Wild stereoplotter.
The three digital counters of the digitizer provide a real time display of
the actual coordinate location of index mark viewed by the stereoplotter
operator. The digitizer also contains the interfacing electronics for
peripherals which are to receive the displayed coordinate information. The
peripheral could be a typewriter, calculator, card punch machine, terminal
or a combination of these devices. One option was to have a digitizer built
by a local electronics engineer. The digitizer used in a photogrammetric
system described by Wood (5) was designed and manufactured locally. However,
the price was not competitive with other available digitizers which were
manufactured in bulk as a standard production item of the firm. The
selected digitizer was an Altec Model AC-74 which was considerably less
expensive than any other manufacturer's equipment, yet obtained good re-
ferences for dependability from the U.S. Geological Survey which had pur-
chased many Altec digitizers. The Altec firm was also very flexible in
terms of being able to interface their digitizers to a variety of peri-
pherals for a reasonable price. Some of the more established digitizer
manufacturing firms were reluctant to provide interfaces to nonstandard
peripherals such as programmable calculators.

The primary peripheral of the digitizing console was to be some kind



of recording device which provided an output which could be read by a
regular computer system. The Portland District already was using an IBM 370
system which was capable of generating a plot tape to drive a Calcomp Model
748 precision flatbed plotter. At first an IBM card punch, which is the
standard recording device in most digitizing systems, was considered for
selection as the recording device. However, the Data Precessing Office of
the Portland District recommended the use of a nine track magnetic tape
recording system instead of a card punch machine. The benefits of the
magnetic tape system were speed of recording, quietness of operation, com-
pactness of the recording unit, and lower acquisition costs. The main dis-
advantage was that the data recorded on magnetic tape could not be
immediately read by the photogrammetric technician. Because of the ad-
vantages stated above it was decided that a nine-track tape recorder would
be interfaced to the digitizing console. A Digi-Data Model 1339-800 nine-
track write-only tape recorder which was available from the Altec Corpor-
ation as a standard interface was selected as the recording device of the
proposed digitizing system.

The secondary hardware requirement of the system was to have some
low level processing power online in the form of a programmable calculator.
One of the first documented uses of a programmable calculator for a photo-
grammetric digitizing system was done in the Department of Civil Engineering
at the University of New Brunswick by Dorrer (4). In this system a Wang
Model 700A was interfaced to a Wild AlQ stereoplotter to provide online
data processing capability. However, unlike the proposed system of the
Portland District, this system did not have the option of going to a large
computer system when the processing requirements could not be met by the

programmable calculator. However in a later system by Dorrer (7), a Wild



b4
stereoplotter was interfaced to a Data General Nova-800 14 Kilobyte mini-
computer and a ASR33 teletype terminal with a high speed paper tape reader.
The ASR33 terminal served as a communication link between the photogrammetric
technician and the Nova-800 minicomputer. The Nova-800 minicomputer was
planned to be interfaced with an IBM 370 system eventually to provide higher
level processing and storage capabilities. The selected programmable
calculator for the Portland District digitizing system was a Hewlett Packard
9810A. The decision was based on the availability of the calculator and
good references received on its dependability and performance from other
users including Professor Dorrer who at that time was using the Hewlett
Packard 9810A instead of the Wang 700A calculator as used in his system
previously described.

After selection of hardware components, there still remained the
problem of software acquisition for processing the data recorded on the
nine-track magnetic tape recorder and the data transferred directly to
the Hewlett Packard 9810A programmable calculator. The first consideration
was to try and locate existing software in order to avoid expensive and time
consuming inhouse software development. The Walla Walla District of the
Corps of Engineers could not furnish any existing software to meet our
processing requirements because their system was limited primarily to pro-
ducing cross-section data directly from the IBM card punch machine inter-
faced to their digitizing console. Another possible source was the Texas
Highway Department which was developing an automated mapping system as
described by Howell (8). This system had some similarities with the software
objectives of the Portland District, but was still in the development stage.
Also the Texas Highway system was limited at that time to being able to

digitize two axes of the XYZ coordinate system of the stereoplotter which
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was not compatible with the Portland District's system objectives. Other
agencies were consulted, but usually the existing software was limited to
specialized tasks and formats required by that agency or the hardware
configuration of the system was too different from that proposed by the
Portland District to permit easy conversion. It was then decided to de-
velop inhouse the FORTRAN. software for processing the digitized data on
magnetic tape and the programmable calculator software for data transferred
directly to the online Hewlett Packard 9810A. The software development was
performed by the author of this paper who at that time was Chief of the
Photogrammetry Section for the Portland District Corps of Engineers. The
following chapter will describe in detail the hardware, software, and

capabilities of the system developed.



CHAPTER 1II

DESCRIPTION OF THE SYSTEM DEVELOPED
SYSTEM CONFIGURATION

As mentioned in the introduction, the basic hardware components
of the system consist of a Wild AlQ first order stereoplotter, an Altec
AC-74 XYZ coordinate digitizer with 9-track magnetic tape recorder, a
Hewlett Packard 98l10A programmable calculator with full page thermal
printer, an IBM 370 high speed computer, and a Calcomp 748 precision
flatbed plotter. A schematic of the system components and operation
is shown in Figure 1. The stereoplotter, digitizer, and programmable
calculator are physically interfaced and located together as shown in
Figure 2. The 9-track magnetic tape containing raw digitized data is
hand carried to a separate data processing facility where a Harris mini-
computer system functions as a high speed terminal to the IBM 370 which
is located in another office building in downtown Portland. The FORTRAN
IV program, which was developed by the author specifically for this system,
processes the data on the 9-track magnetic tape -and -generates o printer
listing and magnetic plotter tape at the data processing facility where
the raw data was originally submitted. The printer listing contains
the digital topographical data in the final format as required by the
engineer. The magnetic plotter tape is used to drive the Calcomp 748
to produce a plan view graphical representation of the same digital

topographical data at any desired scale. A photograph of the Calcomp
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Figure 2. Stereoplotter and digitizing equipment

13



14

plotter and controller unit is shown in Figure 3.
The ;;sic or central component of the system is the Wild AlO0 stereo-
plotter as shown in Figure 2 being operated by a photogrammetric tech-
nician. The stereoplotter is a precision optical mechanical instrument
which accepts a stereo paoir of 9" x 9" aerial photographs contact printed
on glass plates from the aerial negative film. A typical stereo pair
of aerial photographs (reduced to half size).is shown in Figure 4.
These aerial photographs are the starting product used to produce the
Calcomp plot and the computer listings shown later in this chapter.
The circled areas on the stereo pair of aerial photographs are where
the field surveyed photo identifiable control points are located. The
stereoplotter operator sees a three dimensional view of the terrain by
looking through a binocular optical viewing system which channels the
imagery of the left aerial photograph to the left eye and the imagery
of the right aerial photograph to the right eye. The terrain view of the
stereoplotter operator is similar to that of a person in the aircraft
which took the aerial photography except that the stereoplotter operator
sees a more exaggerated view of the terrain relief. The operator also
sees a floating black dot.which can be moved horizontally in independent
X or Y motions by the use of handwheels or vertically in a Z motion by
the use of a wheel which he turns with his foot. The X and Y handwheels
are mechanically intérfoced to a carriage holding a pencil on a large
horizontal ﬁlotting table as shown in the lower right corner of Figure 2.
The Z motion is mechanically interfaced to a Z counter which permits the
operator to read the elevation of the floating dot when it is set on the

apparent ground surface of the stereo model. To map a specific contour



Figure 3. Calcomp plotter with controller unit in background
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the operator would set the floating dot at the desired elevation, and
would then move the dot horizontally along the surface of the terrain
using the X and Y handwheels. Since the X and Y handwheels are inter-
faced to X and Y motions of the pencil carriage one can map the contour
with the floating dot. Using similar procedures the operator can map the
location or obtain the elevation of planimetric features such as houses,
highways, streams, lakes, etc. The above is an explanation of how the
stereoplotter is utilized in a traditional or non-digital mode. If the
reader desires a more in-depth presentation of basic photogrammetry he
should consult Wolf (9). .

To provide a digital capability to the Wild AlQO stereoplotter each
axis of the stereo model coordinate system (XYZ) is equipped with a
Dynamics Research Corporation Model 77 rotary encoder. The rotary en-
coders transmit electrical impulses to the Altec Model AC-74 digitizer
shown in Figure 5. The electronics of the digitizer count the pulses
and display the counts independently on the X, Y, and Z display counters
on the front of the digitizer so they may be easily read by the stereo-
plotter operator. The digitizer gives the operator a real time display
of the coordinate location of the floating dot seen within the apparent
stereo model. This orthogonal XYZ coordinate system is a stereoplotter
or machine coordinate system in terms of units and orientation. The
unit represented by a single count of the digitizer in any axis is one
micron. The orientation of the stereoplotter coordinate system is fixed
by the construction of the machine. However, of ultimate concern to the
engineer is topographical information in terms of ground coordinates.

Ground coordinates consisting of easting and northing values are expressed
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in feet and are usually related to the State Plane Coordinate system.
The third axis of the ground coordinate system is elevation, which is
normally expressed in feet above Mean Sea Level or some other vertical
datum. The Z coordinate axis of the stereoplotter is usually oriented
parallel to the elevation axis of the ground coordinate system or at
least within a few degrees of being parallel. The X and Y plane of the
stereoplotter system will be closely parallel to the easting and northing
ground system, but the individual axis forming the horizontal planes are
almost always rotated. The only time that the X axis of the stereo-
plotter would be even closely parallel to the easting axis of the ground
coordinate system would be if the direction of the flightlines of the
aerial photography were parallel to the east direction of the ground
coordinate system. -Even if this were intentionally attempted it would
still not produce the degree of parallelism required for mathematical
conversion between coordinate systems without introducing rotation fac-
tors. The mathematics of conversion from the XYZ machine coordinate
system to the easting, northing, and elevation coordinate system will

be discussed in detail later in this chapter.

In addition to providing a real time XYZ display of the stereo-
plotter coordinate system, the digitizer is equipped with 15 digital
switches called the Fixed Address on the console which may be set to
any value desired by the stereoplotter operator. As shown in Figure 5,
these 15 switches have been subdivided into different named groups by
a label under the switches. For example, the first five digits are
called the Model Number, the next digit a Delete Code, the next two digits

a Task Code, etc. These 15 digits as well as the XYZ coordinates are
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transmitted to the 9-track magnetic tape and the calculator when the
stereoplotter operator presses a foot switch to record the current lo-
cation of the black dot in the stereomodel. The use of the 15 digital
switches allows the stereoplotter operator to code the coordinate data
transmitted to the magnetic tape or the calculator. The various codes

or naméd groups into which the 15 digits have been divided are read as
individual variables by the software of the Hewlett Packard programmable
calculator or the FORTRAN IV program of the IBM 370. The codes serve

as either identification for the digitized point or as software flags

to determine that the appropriate processing option of the computer
program is used as selected by the stereoplotter operator. Also present
on the face of the digitizing console is an event counter. The event
counter increments each time the stereoplotter operator activates the foot
switch to record a point. The event counter may be reset to one at the
option of the stereoplotter operator. Like the displayed XYZ coordinates
and the 15 digits of fixed data, the event counter is also transmitted

to the 9-track magnetic tape recorder and the Hewlett Packard programmable
calculator. The event counter serves as a means of identifying each
recorded point and also serves as a flog to assist in the control of the
calculdtor and IBM 370 software processing options. The event counter
also assists the stereoplotter operator by letting him know what point

he has just finished recording in situations where his attention has

been diverted from the task at hand. The back of the digitizer console
contains a patch board panel which allows for programming the format and
the sequence of the data transmitted to the magnetic tape recorder and

the programmable calculator. For example, in this system the patch
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board panel has been programmed for the following sequence of data to
be transmitted from the digitizer for a total of 40 digits: fixed data,
event counter, X, Y, and Z coordinates. The calculator receives these
40 digits immediately. However, the tape recorder is set for an eighty
character record for consistancy with the eighty characters of a standard
IBM card. Consequently an 80 character record consisting of data for two
points is transmitted to the magnetic tape recorder every other time the
stereoplotter operator activates the foot switch to record a point.
The sequence and format of the digitized data for one magnetic tape
record is shown in Figure 6.

The digitizer has three interface modes as selected by a switch on
the front face of the digitizer. In the first mode, the digitizer trans-
mits only to the calculator. This mode is used when the calculator is
used independently to provide processing routines which do not require
the high level processing power of the IBM 370. In the second mode, the
digitizer transmits simultaneously to the calculator and magnetic tape
recorder. This mode is used when the calculator with the thermal printer
functions as a formatting and listing device for the data being recorded
on magnetic tape. In the third mode, the digitizer transmits only to
the tape recorder. This mode would only be used in the case where the
calculator or thermal printer is not working and the operator would have
to record data on magnetic tape without the benefit of a listing.

The magnetic tape recorder is a Digi-Data Model 1339-800 9-track
write-only tape recorder. It is mounted below the programmable calcula-
tor in the digitizing console as shown in Figure 2. The density of the

data recorded on tape is 800 BPI (Bytes Per Inch). In this application,
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each 80 digit record would require a tenth of an inch of tape plus the
space required for the I.R.G. (Inter Record Gap). One reel of magnetic
tape can hold the information which would require a dozen or more large
boxes of conventional IBM cards. In certain photogrammetric digitizing
applications where large numbers of peints are recorded, the use of
magnetic tape has a definite advantage over the use of IBM cards in terms
of compactness of data. Traditionally, most photogrammetric digitizing
systems for civilian applications have incorporated IBM card punch mach-
ines rather than magnetic tape recorders. One of the main objections

to using magnetic tape has been the photogrommetrists inability to di-
rectly read the recorded data on tape or to easily edit the data. However,
in the production use of this system, there have not been any major pro-
blems related to the above mentioned objections. This is probably due

to the various listing and editing capabilities incorporated into the
system which will be discussed in detail later. Also the photogrammetric
technicians using this system are relatively young and inexperienced

in using photogrammetric digitizing systems, and consequently are probably
more open to the use of different methods. In the event that recording
errors are too severe to be corrected using the editing capabilities

of the system the photogrammetric technician can easily convert the data
to IBM cards and then edit the data. Either magnetic tape or a card

deck may be used as input to the FORTRAN program, since both forms of
data incorporate a record length of 80 characters. Other advantages of
the magnetic tape recorder over the card punch are lower cost of the
recording unit, lower overall cost of the recording medium, compactness

of the recording unit, compactness of the recording medium, and quiet-
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ness of the recording unit.

The digitizing console is also interfaced to a Hewlett Packard 9810A
programmable calculator. The programmable caleulator is equipped with
options providing for 111 storage registers and 2036 program steps. A
storage register is eight bytes of information and a program step is one
byte. Not counting the math function ROM (Read Only Memory) we have a
mini processing system with the equivalent of around 2,800 bytes of data
and program storage capability. Unlike larger systems which can be
programmed in higher level industry standard languages such as BASIC
and FORTRAN, the Hewlett Packard 9810A programs in its own keyboard lan-
guage unique to this particular model. Because the language is lower
level and approaches the directness of a machine language, the programs
are usually fast and efficient. For a more detailed descriptién of the
calculator and how it programs the reader should consult Hewlett Packard
(10).

The Hewlett Packard 9810A programmable calculator is interfaced to
a Hewlett Packard Model 9864A full page thermal printer. This device
will print 80 characters per line at a rate up to 240 lines per minute.
The thermal printer is somewhat more expensive than a conventional type-
writer interface, but is well worth the cost in terms of speed and re-
liability. The speed of the magnetic tape recorder and the thermal
printer make it possible to digitize points in a rate mode in addition
to just the conventional point mode. When the rate mode is selected by
activating a switch on the digitizing console, points will be recorded
at a continuous rate as long as the foot switch is pressed down by the

photogrammetric technician. The rate in terms of points per second is
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selected by a dial on the digitizing console. The rate mode is useful
when digitizing the coordinates of a continuous lineal feature such as
the edge of a road or the shore of a lake. In conventional systems
using card punch machines and typewriters it is not possible to record
in a rate mode because of the slowness of these devices. A photograph
of the calculator and thermal printer is shown in Figure 7.

The digitized data on the 9-track magnetic tape is processed by the
IBM 370/155 computer system of the North Pacific Division of the Army
Corps of Engineers. It is a conventional large data processing facility
with high speed printer, card reader, card punch, read/write magnetic
tape drives, and large capacity disc storage systems. The FORTRAN IV
program which processes the digitized data requires 90 kilolytes of com-
puter memory and a modest amount of online sequential storage. It re-
quires a 9-track read/write magnetic tape machine to read the digitized
data and also produce the magnetic tape thch will drive the flatbed
plotter offline. For the final output of the program a 130 character
printer is required. The FORTRAN program could easily be run on other
data processing systems. If the data processing system did not have a
flatbed plotter, the program could be modified to exclude the plot pro-
ducing statements. The printer listing by itself would give the engineer
the coordinate, elevation, and other topographical information which he
would need for design or planning purposes. The plot is a very helpful
supplement to the printer listing, but is not an absolute requirement.

The plotting is done by a Calcomp model 748 high speed flatbed
plotter. The magnetic tape produced by the FORTRAN program, which pro-

cessed the raw digitized data, is mounted on a Calcomp model 925 con-



Figure 7. Programmable calculator being operated by
photogrammetric technician. Thermal printer on top
of digitizing console is interfaced to the calculator
to provide a hard copy of calculator output
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troller unit which in turn drives the Calcomp plotter. The controller
unit and the flatbed plotter are shown in Figure 3. The model 748 has

a plotting surface of 48 x 82 inches which is sufficient for most engin-
eering and cartographic applications. The plotting head has four separate
pens which can be independently called to write by statements in the
FORTRAN program. The plotting head can move at velocities up to 42 inches
per second. Ball point pens, liquid ink pens, or a scribing tool can be
mounted on the plotting head. Plotting can be done on paper, mylar

film, or cartographic scribe coat material. The surface of the plotting
bed contains a vacuum system for holding the drawing material flat against
the plotting surface. The absolute accuracy of the plotting system is
very high. The actual plotted location of a point should not deviate
from its specified coordinate location by more than several thousandths

of an inch. A sample plot produced by the system is shown in Figure 8.
The plotted data was digitized from the stereo pair of aerial photographs

shown in Figure 4.
ONLINE PROCESSING WITH THE HEWLETT PACKARD 9810A

In this system the online Hewlett Packard 9810A serves basically
three different functions. It will assist the photégrommetric technician
in performing the preliminary adjustment or "setting up" of the stereo-
model in the stereoplotter. It will serve as a formatting and listing
device when digitizing data to the 9-track magnetic tape recorder. It
will also function as a stand alone processing device when the nature
of the application does not require the high level processing of the

FORTRAN program and the IBM 370.
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The Hewlett Packard $810A has been programmed for nine different
photogrammetric routines which can all be loaded into machine memory
with the insertion of a magnetic card. Each routine can be accessed
independently as a separate program by pressing the appropriate keys on
the calculator keyboard. The actual use of the routines is described in
detail in Appendix A which contains a copy of the user's instructions
for the photogrammetric routines. The words spelled in all ;opitols
represent actual keys of the programmable calculator.

One of the primary applications of the online Hewlett Packard 9810A
is to perform computations which will assist the stereoplotter operator
in "setting up" the stereomodel. The setting up procedure consists of
6djusting the two aerial photographs in the stereoplotter for relative
orientation and absolute orientation. Relative orientation is the
process of adjustment of the stereoplotter in which the photogrammetric
technician attempts to duplicate the angular or rotational orientation
of one photograph with respect to another. By doing this the orientation
of the originol exposure stations of the cerial camera is duplicated, so
that the light rays from all common image points on the two acerial photo-
graphs intersegt, thus allowing the stereoplotter operator to view a
parallax free stereomodel. The second and the more time consuming part
of the setting up procedure is called absolute orientation. This consists
of scaling and leveling. Scaling is the adjustment of the distance
between the aerial photographs in the stereoplotter so that the exact
desired scale is produced on the plotting table when the map is to be
compiled in a conventional manner. The operator knows that he has ob-
tained the correct scale setting when he can move the dot in the stereo-

plotter optics to various photo imagequints of known ground coordinates
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and the pencil or pointer on the plotting table will move to the plotted
location of the same horizontal control points on the final map sheet.
At least two horizontal control points are required to establish a known
scale. Leveling is the adjustment of the stereoplotter to produce ele-
vation readings, using the dot in the stereoplotter optics, consistent
with the ground surveyed elevations of at least three photo identifiable
" points. Three vertical points are required to level the stereomodel in
a similar manner that three known points are required in analytical
geometry to define a plane in space. Usually there are at least three
known horizontal control points and four vertical control points to permit
a check on the validity of the location and correctness of the ground
surveyed coordinates and elevations. The setting up procedure can be
tedious and time consuming because of its iterative nature. Changing
the level of the model will change the scale and distort the relative
orientation, therefore requiring that the operator make many iterations
of relative orientation, level adjustment, and scale adjustment until
the corrections become small enough to be ignored. A skilled and exper-
ienced operator can do the complete setting up process in an hour or less.
A less skilled and less experienced operator can take as long as eight
hours to perform relative and absolute orientation especially if the
stereomodel consists of difficult terrain or has a bad control point.
Routines 1 ond 2 as described in Appendix A will assist the operator
in performing the absolute orientation phase (scaling and leveling) of
the setting up procedure. Routine 1 allows for the input of up to 20
control points consisting of ground coordinates and elevations. Routine
1l is used in conjunction with most of the other routines, because ground

control points are always needed as a basis of computation to convert
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machine or stereoplotter coordinates into some form of final data in ground
units of measurement such as distances, coordinates, elevations, slopes,
etc. In the process of inputting values for the control points using
routine 1, a point number is assigned to each control point. Therefore

in using other routines which require stored control point values the point
is referenced by the assigned point number. Once the operator has input
the values of the photo control points into machine memory using routine
1, he can perform the scaling and leveling procedure using routine 2.

The operator will select two photo identifiable control points which he
considers most suitable for scaling and leveling. He will then input the
point numbers of each control point using the calculator keyboard. Next
he will move the dot in the stereoplotter optics to the photo location

of the first ground control point. He will then press the foot switch
which will activate the digitizing console to send the machine coordinates
of the first control point to the programmable calculator. The stereo-
plotter operator will then repeat the same procedure for the second
control point. The machine coordinates of the second control point will
be transmitted to the Hewlett Packard 9810A. After receiving the machine
coordinates of the second control point, the programmable calculator

will have the ground and the machine coordinates for each control point
and can then compute the adjustments required by the stereoplotter to
arrive at a level and scaled stereomodel. The new base setting in
centimeters is computed and listed by the thermal printer. The new base
setting is set in the stereoplotter by the photogrammetric technician

by turning an adjusting knob which varies the principal distance between

the perspective centers of the aerial photos. The new base setting should
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produce the desired stereomodel scale or at least be very close to it.

The corrections in Phi and Omega (tip and tilt) in units of grads are also
computed and listed by the thermal printer. The stereoplotter operator
changes the tip and tilt of the stereomodel the computed amount by

turning a knob for each of the two angular rotations. Once the computed
corrections have been set in the stereoplotter, the photogrammetric tech-
nician will check the various control points of the stereomodel for having
the proper scale and for being level. Usually the stereomodel is not
perfectly level the first time the corrections are computed and set in

the stereoplotter. In this case the operator selects another two control
points, and repeats the procedure of digitizing the two points so that
new corrections can be computed by the calculator. Without the assistance
of the programmable calculator the operator must make educated guesses

of what magnitude of changes to make to the base, tip, and tilt settings
of the stereoplotter. This is a very tedious and time consuming process,
especially for the relatively inexperienced operator. Since most of the
Portland District Corps of Engineer's photogrammetric technicians are
relatively inexperienced, the use of the programmable calculator has
resulted in significantly increased efficiency in the setting up pro-
cedure of photogrammetric mapping.

By selecting routine F of the photogrammetric routines for the
Hewlett Packard 9810A, the thermal printer will produce a neatly for-
matted listing of the raw digitized data which is being recorded on the
9-track magnetic tape recorder. This gives the operator an immediate
record of the data which is being recorded to facilitate the editing
process. All of the fixed and vﬁriﬁble data as seen on the face of the

digitizer console such as Model Number, Delete Code, Task Code, Event
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Counter, Coordinates, etc. are listed in separated columns with appro-
priate headings. The programmable capability of the calculator allows

for formatting features such as the skipping of several lines and the
printing of new column headings when the Event Counter is reset to one,

the Task Code is changed, or more than 30 points have been recorded.

The use of the programmable calculator results in an easily read listing
with automated formatting capabilities which minimize the amount of clerical
work required by the photogrammetric technician.

Routines 1 and 2, which assist in the performance of scaling and
leveling, and routine F which produces the formatted listing of raw
digitized data are the most frequently utilized of the calculator routines.
Routines 3 thru 8 provide some additional capabilities such as slope
calculation, grid coordinate and elevation computation, and various
other support routines which are used in specific applications which
occur less frequently. For a detailed description of each routine
the reader should consult the user's instructions in Appendix A. Appendix
B contains a listing of the actual program steps for all of the nine

photogrammetric routines.
OFFLINE PROCESSING WITH THE IBM 370

The major effort in the production of the system was the develop-
ment of a FORTRAN IV program entitled "Reduction of Photogrammetrically
Digitized Three-Dimensional Data" or for ease of reference "PHOTDIG".
The function of PHOTDIG is to process the raw digitized photogrammetric
data on 9-track magnetic tape and broduce an output in digital and

graphical form in various formats of ground terrain information useful
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to engineers and planners such as state plane coordinates, elevations,
acreages, profiles, cross-sections, etc. The program operation is di-
vided in five different tasks which may be selected by changing the Task
Code on the face of the digitizing console. A FORTRAN listing of the
program is contained in Exhibit C,

One of the unique features of PHOTDIG is that every digitized point
is represented in graphical form in addition to the digital format on
the printer listing. A plan view plot of the digitized data is furnished
at any horizontal scale requested by the user. The stereoplotter operator
can control the format of the final plot with a wide range of plotting
options by setting the appropriate codes in the fixed data switches
of the digitizing console. A sample plot representing some data from
each of the five tasks is shown in Figure 8. For a more detailed des-
cription of all the program options available and their execution the
reader should refer to Gorshe (1ll).

Task 1 (Control Points) is the primary task of the program and in-
volves the most sophisticated mathematics. Task 1 is the only task
which must be executed at the onset of digitizing data from any stereo-
model, because it establishes the parameters of coordinate transformation
from the XYZ stereoplotter machine coordinate system, to the easting,
northing, and elevation ground coordinate system. Once these parameters
have been established the remaining four tasks can be executed in any
order and repeated as many times as desired. Because the coordinate
transformation is three-dimensional, the stereomodel does not have to be
manually leveled in the stereoplotter in many applications. Therefore

the stereoplotter operator need only establish a good relative orientation



35

during the setting up procedure. This is one of the features of PHOTDIG
which makes it unique compared to conventional digitizing software which
usvally utilize a two-dimensional coordinate transformation because of the
simpler mathematics involved. Although the two-dimensional coordinate
transformation is much easier to program, it requires more production
labor in the long run, because the stereoplotter operator must complete
the entire setting up procedure, including scaling and leveling, before he
can begin to digitize photogrammetric data. Another unique feature of
PHOTDIG is the use of a least squares solution for the parameters of coor-
dinate transformation. Although only two horizontal and three vertical
control points are required for a unique solution, PHOTDIG will permit a
maximum of twenty control points to be utilized in the solution. Not only
does this permit a stronger solution of the transformation parameters,

but it also permits the computation of residuals for each control point
used. The residuals give the photogrammetrist an indication of the pre-
cision of the solution and also facilitate the detection of gross errors.
The precision of the solution is a good indication of the precision of

the final data obtained, because the transformation parameters computed

in task 1 will be used to convert machine cqordinctes to ground coordinates
for every point digitized using the remaining four tasks.

The mathematics for the least squares solution of the parameters of
the three-dimensional conformal coordinate transformation are found in
Appendix B-7 of Wolf (9). The basic problem consists of solving for the
seven independent coordinate transformation parameters which will permit
the conversion of stereoplotter XYZ coordinates in microns into ground

or state plane coordinates consisting of easting, northing, and elevation
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values in feet. The seven parameters consist of a scale factor, three
translation factors (one for each axis), and three rotation angles (a
rotation about each axis). Knowing these seven parameters define the re-
lationship between two three-dimensional coordinate systems and will permit
the direct conversion of coordinates from one system to another. If the
horizontal coordinates of two points and the vertical coordinates of

three points are known in both coordinate systems, then the seven orienta-
tion parameters can be solved for directly. This seems reasonable since
knowing two horizontal points and three vertical points produces a total of
seven known coordinate values common to both systems, which in turn allows
for the unique solution of the seven orientation parameters. Each addition-
al known coordinate of a point common to both systems would therefore con-
tribute to the strength of the solution by adding a degree of freedom to
the least squares solution.

To perform task 1, the stereoplotter operator digitizes the XYZ
coordinates of each known control point. A maximum of twenty control
points can be used in the solution of the parameters. Typically, four
to six control points are available. The stereoplotter XYZ coordinates
of the control points are recorded on the magnetic tape. When the mag-~
netic tape is submitted for processing by PHOTD;G, a deck of IBM cards
is also submitted. In addition to containing job control and header in-
formation cards, the deck contains a control point card for each control
point which was digitized. The control point card contains the field sur-
veyed or ground values of the easting, northing, and elevation coordinates
of the control point. If only the vertical or horizontal values of the

point are known, then only the known values need be included on the control
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point card. By reading the XYZ stereoplotter coordinates from the magnetic
tape and the easting, northing, and elevation values from the control
point cards, PHOTDIG will have values from both coordinate systems which
will be used to solve for the seven parameters of coordinate transformation.
The actual solution for the transformation parameters is not a direct
computation because of the non linear relationship between the coordinates
and the parameters. The observation equations must be linearized using
Taylor's theorem as shown in detail in Appendix B-7 of Wolf (9). After
being linearized the observation equations permit the solution of cor-
rections to the transformation parameters, rather than the parameters
themselves. This requires that PHOTDIG compute initial approximations
of the parameters which are reasonably close to the actual values so that
the computed corrections to the parameters become smaller with each
iteration and finally become so small that the parameters can be considered
to be final values. Because of the redundancy of the control point data
there are usually more observation equations than unknowns, therefore
the least squares technique of normalization must be applied to the ob-
servation equations to produce a final set of equations equal in number
to the unknowns. Given the same number of equations as unknowns, the
corrections to the parameters are solved directly using Gaussian elimina-
tion. This solution occurs once for every iteration required. A printer
listing showing the results of executing task 1 for the solution of the
transformation parameters is shown in Figure 9.

Once task 1 has been completed by the stereoplotter operator, he
may then execute any of the remaining four tasks in any order. All of

these four tasks require the conversion from the stereomodel coordinates
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of the digitized points to ground or state plane coordinates using the
parameters which will be established from the control points digitized
for task 1. Once a digitized point has been converted to a ground or
state plane coordinate in units of feet, it can easily be converted to
the various other formats required by engineers such as profiles, cross-
sections, areas, slope distances, etc. The purpose of the remaining four
tasks is to provide these various formats of ground data in both digital
and graphical form.

Task 2 (Random Points) is for digitizing random photo identifiable
point features such as drill holes, trees, property corners, etc. The
printer listing as shown in Figure 10 provides a state plan coordinate
and an elevation for each digitized point. An identification number for
each point can be entered into the fixed data switches of the digitizing
console and will also be reflected on the printer listing for identification
purposes if necessary. The Calcomp plot will reflect a symbol or spot
elevation in the correct coordinate location. The choice of the appropri-
ate symbol or spot elevation is selected by the stereoplotter operator
entering the appropriate codes into the fixed data switches of the digiti-
zing console. The Calcomp plot shown in Figure 8 shows the location of
four power towers which have been plotted with Calcomp symbol number 7 :;Z-

Task 3 (Cross-sections) is for digitizing terrain cross-sections
for engineering design, earthwork computation, hydraulic design, etc.

A cross-section is a sequence of points in a straight line for which
elevations and horizontal distances to a reference base line are known.

The printer listing as shown in Figure 11 identifies each cross-section
with a station value in feet which is entered by the stereoplotter operator

into the fixed data switches of the digitizing console. For each digitized
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point of the cross-section the printer listing contains a sequence number,
state plane coordinates, an elevation, and a horizontal offset distance.
The elevations are shown on the Calcomp plot in plan view to the nearest
tenth of a foot. The station number which identifies the cross-section
is plotted at the end of the sequence of elevation points. Three cross-
sections are shown in Figure 8 plotted perpendicular to the alignments

of the road and the railroad. This task also produces the digitized
cross-section data in a specific IBM card format which can be used as
direct input to other Corps of Engineers programs which process cross-
section data. For example the cards produced by this task could be used
as input to the Corps of Engineers earthwork quantity calculation program
or the cross-section plot program. Task 3 has been utilized in production
more than any of the other tasks, because of the frequent requirement

for cross-section data during the design and construction phases of
engineering projects. Whenever possible photogrammetric cross-section
data is utilized in preference to field surveyed cross-section data
because of the tremendous cost savings realized.

Task 4 (Bounded Areas) is for digitizing the perimeter of a feature
which has area on a terrain surface such as a lake, cleared area, building,
tree covered area, etc. The printer listing as shown in Figure 12 con-
tains state plane coordinates, an elevation, and accumulated horizontal
and slope distance from the first point for each digitized point along
the perimeter of the bounded area. Following the above information is
a total distance around the perimeter measured both in horizontal projec-
tion and parallel to the slope of the terrain. Also included on the

printer listing is the area within the digitized perimeter expressed
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both in square feet and in acres. The digitized perimeter may be repre-
sented on the Calcomp plot in many different ways depending upon the
options selected by the stereoplotter operator. For example the peri-
meter may be plotted with a straight line or a mathematically smoothed
line connecting the digitized points. The perimeter may include a user
selected symbol plotted at each digitized point or no symbol at all.
In Figure 8 the houses to the north of the highway were plotted using
task 4 and digitizing the corners of the houses. The options selected
by the stereoplotter operator provided for a straight line connecting the
digitized points without the plotting of symbols at the actual points.
Task 5 (Lineal Features) is for digitizing a feature of a linear
nature such as a road, river, fence line, railroad, etc. The printer
listing as shown in Figure 13 is almost identical to that for bounded
areas using task 4 except that no area information is computed since
a lineal feature does not necessarily close upon itself. The printer
listing contains state plane coordinates, an elevation, and accumulated
horizontal and slope distance from the first point for each digitized
point of the lineal feature. The Calcomp plot of the lineal feature
is similar to the plot of the bounded area using task 4 in that a straight
line or a smoothed curve fit between digitized points may be selected
by the stereoplotter operator. Also the operator may select a Calcomp
symbol or no symbol to be plotted at the actual coordinate location of
the digitized points. Both the highway and the railroad shown in Figure
8 were plotted using task 5. Both sides of the highway were plotted
using the option for smooth curve fit between digitized points with no

symbols plotted at the actual points. The railroad was plotted using
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the options for a smooth curve fit between points and Calcomp symbol
number 13 which is a vertical line plotted at the actual location of the
digitized point. The plotting of the railroad is a good example of how
the graphic capabilities of PHOTDIG are unlimited if the stereoplotter
operator understands all the options of the program and applies some

imagination in using them.



.CHAPTER IV
CONCLUSION
PRCDUCTION APPLICATIONS

The system has been successfully used in the Photogrammetry Section
of the Portland District Army Corps of Engineers since November of 1975.
Several minor software bugs have been resolved and some new options within
the five tasks of PHOTDIG have been added. The system has been used to
obtain design cross-sections, earthwork cross-sections, hydraulic cross-
sections for flood plain studies, and data acquisition for environmental
studies. The system has also been used to digitize and plot spot eleva-
tions in areas too flat for adequate description of the terrain using con-
tours. It is estimated that the system has been utilized in production
gpplications for approximately 2,600 hours of continuous use since it was
first implemented in November of 1975.

One interesting application of the system related to an environmental
study performed by the Portland District Corps of Engineers at Depoe Bay,
Oregon. The Environmental Resources Branch of the Portland District was
assigned the task of preparing a report on the environmental effects of
depositing dredging spoils from thévinner harbor of Depoe Bay to the
outer harbor area. One of the environmental concerns was the possible
adverse effect of the dredging spoils on the Bull Kelp population of the
outer harbor of Depoe Bay. To monitor the Bull Kelp, large scale color

cerial photography was taken of the outer harbor before disposal
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of dredging spoils and twice afterwards. Because of the large scale of
the photography and the still condition of the ocean surface hundreds
of individual kelp plants were visible on the photography. The individual
kelp plants were digitized using the random point routine and the shore-
line of the outer harbor was digitized using the lineal feature routine.
For each of the three dates of photography a map showing the density and
distribution of the kelp was automatically produced by the Calcomp
plotter as a final product of the digitizing system. The three computer
plots were of sufficient quality to be incorporated into the report
directly without requiring any manual redrafting. For more information
on this specific application or to review the computer maps the reader

should consult Corps of Engineers (12).
BENEFITS OF THE SYSTEM

The described system has benefited the Portland District Corps of
Engineers substantially. The primary benefit has been the savings in
cost. It is estimated that the use of the programmable calculator to
assist the stereoplotter operator in establishing absolute orientation
has saved an average of one hour for each stereomodel compiled conven-
tionally to produce a contour map. Assuming an effective hourly rate to
twenty-five dollars for the stereoplotter and the operator, and that in
a typical year 50 stereomodels are mapped, an annual savings of $1,250
is realized for just utilizing this portion of the system.

Another significant savings has been realized by the mathematics
of PHOTDIG which permits the stereoplotter operator to digitize terrain

data without establishing an absolute orientation. Also the Calcomp
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plotting capabilities of PHOIDIG have eliminated the need for manual
plotting of the terrain data in many applications. It is estimated

that these special features of PHOTDIG have saved at least two hours of
stereoplotter time for each stereomodel utilized for photogrammetric
digitizing. Assuming the same hourly rate of twenty-five dollars and that
in a typical year approximately 80 stereomodels are used to digitize
terrain data, an annual cost saving of $2,000 is realized. This saving

is due to the sophistication of the computer program PHOIDIG, therefore
the annual depreciation of the digitizing console and related equipment
should not be subtracted from the $2,000. The digitizing equipment and
the stereoplotter would be required even if PHOTDIG had not been developed
and less sophisticated software had to be utilized instead. The Calcomp
plotter was acquired by the Portland Di;trict Data Processing Office
before the development of PHOTDIG and serves many other offices of the
Portland District besides the Photogrammetry Section. PHOTDIG was
developed to take maximum advantage of an already existing well equipped
data processing facility.

In addition to the cost savings mentioned above which can be easily
computed, there have been less tangible benefits which have increased
the efficiency of the Portland District Photogrammetry Section. There
has definitely been an increase in employee morale as a result of using
the latest technology in equipment, software, and procedures. Before
the implementation of this system the Portland District was dependent
on other districfs of the Corps of Engineers to furnish photogrammetric
digitizing services. Not only did this adversely affect the morale of

the Photograommetry Section, but it also created problems of scheduling
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and responsiveness to deadlines in that the jobs of the Portland District
would taoke second priority to the jobs of the other districts. Now the
Portland District can perform the acquisition of digital photogrammetric

terrain data inhouse with complete responsiveness to internal priorities.
FUTURE TRENDS

The trend in photogrammetric digitizing systems during the last
several years has been towards the use of more powerful computers in
direct interfoce with the stereoplotter. This trend has been primarily
due to the availability of large capacity minicomputers at lower prices.
As the price of minicomputers becomes lower, it becomes economically
feasible to have a medium sized computer dedicated to a single application
such as a photogrammetric digitizing system. For example if a 90 kilo-
byte minicomputer with a FORTRAN compiler could eventually be purchased
for the same price as the Hewlett Packard programmable calculator used in
this system, it would be much wiser to purchase the minicomputer instead
of the programmable calculator. If this were done, the high level pro-
cessing power of PHOTDIG which requires 90 kilobytes of storage, could
be executed online with the photogrammetric digitizing system, instead
of hand carrying the magnetic tape to a centralized data processing
facility and waiting as long as a day for the printer listing and plot
tape.

The Portland District is considering the acquisition of a second
digitizing system for use with an existing second stereoplotter. For
this system the use of a Tektronix 4051 minicomputer is being considered

instead of the Hewlett Packard programmable calculator. The Tektronix
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4051 is an eight kilobyte computer which programs in basic and has a CRT
display which provides for a powerful graphics plotting capability under
program control. The Tektronix 4051 would be purchased with a data com-
munications option which would allow it to communicate with the Corps of '
Engineers IBM 370. The data communication option is reasonably priced

and would eliminate the need for a 9-track tape recorder and hand carrying
the tapes to the centralized data processing facility. The cost of the
Tektronix 4051 is less than the combined cost of the Hewlett Packard pro-
grammable calculator and the 9-track tape recorder. The Tektronix
computer uses large capacity magnetic tape cartridges which could be used
for the temporary storage and editing of the digitized data before trans-
mitting the data to the IBM 370 for processing by PHOTDIG. The larger
capacity and higher level language of the Tektronix computer would permit
more sophisticated routines to be used for online processing. The graphics
capability of the CRT display would provide for more effective user
oriented routines for editing the digitized data. The variation in the
selection of the hardware components for the second system is a prime
example of how a system concept must be dynamic and flexible to exploit

the rapidly changing technologies of this modern age.
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APPENDIX A

USERS INSTRUCTIONS FOR PHOTOGRAMMETRIC ROUTINES FOR
HEWLETT PACKARD 9810A PROGRAMMABLE CALCULATOR



General Photogrammetric Routines for Hewlet Packard 9810A
Calculator, Altec AC-74 Digitizer, & Wild B8 Stereoplotter
By Frank Gorshe, January 1976

Portland District, Corps of Engineers.
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Routine 5 - Index on Vertical Point . . . . . ¢ ¢ ¢ o ¢ & « &
Routine 6 - Elevation Display . . « o« « « ¢ ¢ o o o o o o o &
Routine 7 - Index on 2 Horizontal Points . . « « ¢ o « « o« &
Routine 8 - Measure Grid Coordinates & Elevations . . . . . .

Routine F - List Raw Digitized Data . . « « « &« ¢ o o o o o &
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General Operation

Load Program - All the following routines are contained on one 10"
magnetic card, labeled Program P-l. Key FMT, GO TO. Insert first
and second side of magnetic card. After calculator has read second
side of card program execution will automatically begin by printing
Program Identification on thermal printer. Program will stop with
1's displayed in Registers X, Y, & Z. Routine 1 may now be entered
by keying CONTINUE or the user may transfer to the routine of his
choice as described in the following paragraph.

Routine Selection - Once the program is loaded the user may transfer
to any of the available routines by keying STOP, END, GO TO, LABEL,
Routine #. For example if the user wanted to enter Routine 4 for
Slope Calculation he would key STOP, END, GO TO, LABEL, 4. Keying
STOP & END before GTO, LABEL, Routine #, is not always required, but
should be done as a matter of habit unless the user is familiar with
the programming of the calculator.

Storing Parameters - Some of the routines require that the user store
parameters such as model scale or base in one of the numbered storage
registers of the calculator. This is accomplished by keying the
number, X->»( ), Register #. For example to store a plotter base of
15.13 in Register #62 the user would key 15.13, X->( ), #62. The
register number keyed must always be the full 3 digit number includ-
ing any leading zeros. To verify what is stored in Register $62

key X<—( ), 962. The stored number will appear in Register X. From
now on Register will be abbreviated with an R. For example Register
P61 will be written as R(§61).
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Routine 1 - Control Input

Allows for input of coordinates and elevations for up to 20 control
points. Control points are held in calculator storage for use in
other routines and are referenced by a sequential control point #,

1. Key STOP, END, GO TO, LABEL, 1, CONTINUE. Control headings
are printed.

2. Read Control Point Sequence # of the next control point to be
entered in Registers X, Y, & Z. If a Control Point of a different
sequence number is to be entered, enter the new sequence # and

key so that the new sequence # is seen in Register Y.

3. Enter North Coordinate (enter @ if unknown). Key CONTINUE.
4. Enter East Coordinate (enter @ if unknown). Key CONTINUE.
5. Enter Elevation (enter @ if unknown). Key CONTINUE.

6. Sequence #, North Coordinate, East Coordinate and Elevation are
printed. Read sequence number of next control point to be entered.
Return to step 2 if another control point is to be entered.

NOTE: Control Points and other parameters stored in calculator may
be stored on a magnetic card by keying FMI, X ( ) and insert-
ing both sides of a 6" card or one side of a 10" card. This
allows for saving stored values before turning calculator off.
To re-input data from card to calculator key FMT, X< ( ) and
insert card.
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‘Routine 2 - Scale & Level

Allows for quicker absolute orientation by digitizing 2 control points
for calculation of base distance and changes to common omega & common

Phi,

1. Store desired proportional model scale in R(f61l). Store present
plotter base setting in R(f62). Store control values in calculator
using Routine 1.

2. Key STOP, END, GO TO, LABEL, 2, CONTINUE. Control point headings
are printed.

3. Enter Control Point Sequence # of first point to be digitized.
Key CONTINUE. Control values of first point are printed.

4, Enter Control Point Sequence # of second point to be digitized.
Key CONTINUE. Control values of second point are printed. Registers
XYZ go blank. :

5. Digitize first control point., Desired scale and present base are
printed.

6. Digitize second control point. Present model scale, new base
setting, Omega change in grads, and Phi change in grads are printed.
Make appropriate adjustments to plotter. Store new base setting in
R(P62) and return to step 3 if another iteration is required.

NOTE: Although values for new base, Omega, and Phi are always
calculated and printed, they are not all necessarily valid.
For example if the 2 digitized control points were only vertical
points then the new base setting would be invalid. If the two
digitized vertical points were far apart along the Y axis of
the plotter, but close along the X axis, then one would expect
a valid Omega change value and not so valid Phi change value.
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Routine 3 - Verify Control & Parameters

Allows for a printer listing of stored control values and stored
parameters. For each control point the Sequence #, North and East
Coordinates, and Elevation are printed. In addition scale, kappa
(rotation angle), translation constants, and base are printed.

1. STOP, END, GO TO, LABEL, 3, CONTINUE. Read 20 in Register X.

If less than 2@ control points are to be listed, enter the sequence #
of the last control point to be listed.

2, Key CONTINUE. Control headings, control values, and parameters
are printed.
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Routine 4 - Slope Calculation

Allows for online printing and display of calculated slope percentage
after digitizing 2 terrain points in model.

1. Stereomodel should be relatively oriented and leveled, but need
not be of an even scale.

2, STOP, END, GO TO, LABEL, 4, CONTINUE. Routine title is printed
and 4's are displayed for verification of routine.

3. Key CONTINUE. Display goes blank.
4. Digitize first terrain point.
5. Digitize second terrain point. Percentage of slope from first

to second point is printed and displayed for 3 seconds. Return to
step 4 for another slope calculation.
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Routine 5 - Index on Vertical Point

Allows for indexing on a vertical point before using Routine 6 for
an online elevation display.

1. Stereomodel should be leveled, but need not be of an even scale.
Present model scale should be stored in R (#61). If not known,
execute Routine 7 before continuing. Control point values must be
stored in calculator.

2. STOP, END, GO TO, LABEL, 5, CONTINUE. Control headings are
printed and 5's are displayed to verify routine.

3. Enter Control Point Sequence # of vertical point to be indexed
on. Key CONTINUE. Control values are printed. Displays go blank.

4, Digitize vertical control point to be indexed on. Model scale
and translation constants are printed. Read 6's in display indicat-
ing start of Routine 6. If Routine 6 is desired key CONTINUE.
Displays go blank. Each time a point is digitized the actual
elevation will be displayed to the nearest tenth of a foot.
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Routine 6 - Elevation Display

Allows for 1 second elevation display to the nearest tenth of a
foot each time a terrain point is digitized.

1. Routine 5 must have been previously executed for calculation of
translation constant.

2. STOP, END, GO TO, LABEL, 6, CONTINUE. Read 6's in display for
verification of routine. If display other than to the nearest
tenth is desired, key FIX ( ), N. (N = number of decimal places
desired. For integer display, N = @)

3. Key CONTINUE. Displays go blank.. Each time a point is now
digitized the elevation in feet will be displayed for 1 second.
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Routine 7 - Index on 2 Horizontal Points

Allows for digitizing 2 horizontal control points for computation
of model scale, rotation angle kappa, and horizontal translation
constants, Execution of this routine is done in preparation for
Routine 8.

1., Control point values have been stored in calculator using
Routine 1. Stereomodel should be leveled, but need not be of an
even scale.

2, STOP, END, GO TO, LABEL, 7, CONTINUE. Control headings are
printed and 7's are displayed to verify routine.

3. Enter Control Point Sequence # of first horizontal control point
to be digitized (for maximum accuracy select first point near points
to be later measured using Routine 8). Key CONTINUE. Control values
of first point are printed.

4. Enter Control Point Sequence # of second horizontal control
point to be digitized. Key CONTINUE. Control values of second
point are printed.

5. Digitize first control point.

6. Digitize second control point. Calculated transformation parameters
are printed and stored in appropriate registers in preparation for
Routine 8., Read 8's in display indicating start of Routine 8. If
desired, key CONTINUE.
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Routine 8 - Measure Grid Coordinates & Elevations

Prints event counter #, grid coordinates, and elevation each time a
terrain point is digitized. New headings are printed each time
digitizer event counter is reset to 1,

1. Routine 5 has been executed for calculation of elevation parameters.
Routine 7 has been executed for calculation of horizontal parameters.

2. STOP, END, GO TO, LABEL, 8, CONTINUE. Read 8's in display to
verify routine.

3. Key CONTINUE. Routine title and headings are printed. Displays
go blank. Set digitizer event counter to 1 or desired starting
number,

4, Digitize terrain points. Each time a point is digitized the
current event #, the North Coordinate, the East Coordinate, and the
elevation of the point will be printed. If the event counter is
reset to 1, new headings will be printed the next time a point is
digitized.

NOTE: This routine may allow the stereoplotter to be also used as
an XY table top digitizer by placing a map under the tracing
table or a reduced film positive of the map in one of the
plate carriers of the plotter. 1In this case only Routine 7
need be executed before using Routine 8,
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ROUTINE F - List Raw Digijitized Data

Prints headings and lists raw digitized data (Fixed Data, Event,
X, Y, & Z) when digitizing data on magnetic tape for IBM 360/50
processing.

1. STOP, END, F(DEFINABLE). Headings are printed for fixed data,
event counter, X, Y, & Z.

2. Each time a point is digitized fixed data, event #, X, Y, & Z
are printed beneath appropriate headings. If the event counter
is reset to 1 or the task code number is changed on the digitizer,
new headings will be printed when the next point is digitized.
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APPENDIX C

FORTRAN IV SOURCE LISTING OF PHOTDIG



_C_PPUGKAN _803=K5-62320(MEMIER PM3G212) PORTIAND DISTRICY CLORPS _OF EwGIN..

REUUCTLION UF PHOIOGRAMMETRICALLY DIGITIZED THREE~-DIMENSIONAL DATA,

bY FrANK GURSHE, CHIEF PHOTOGRAMMETRY SECTI1OnN, JULY 1975 .. . . . .
KEADO PHUTUGKAMAETRICALL DIGITIZED DATA FRUM STANDARD 9'TRACK

MAUNETIC JAPE wITH B0 DIGIT WECUKDS, EACH DIGITIZED POINT KEQUIRES .
40 DIGITS UR HALF OF A CGMPLETE RECORD,

LALCUMP_SUskOUTINES, *SYMBOL ', SNUMBER' , YF{ TINF!

PRULGKAM _SUBKROUTINFS,*AZINV®, *CON3D', *ACRE, *MANPLT', "ROTRAN", "CUNVEK",
"LIMP', 'NORSOL','UPDATE",*GRDTIC"', '"MAXMIN', "ERASHMM
pThRLu-NuuLL_£unnDJuAl£ﬁ+_cDthDL_BDJnI_BRJD_LnuRDJmAIPS AND THr —
PARAMETERS OF 3=-DIMENSIONAL CONFOKRMAL TRANSFURMATION SOLUTION,
COMMUN/ZCCONSO/ZXMOD(1500) ,YMOL(1500),2muD(31500),X6RID(20),YLBRID(20)
1,Z6rID(RV) 4 M(3,3))SCAL,TXyTY,TL,OMEGA,PH] KAPPA,NPT,NUMIT,NCUDE,
2 NEQ,NX,NY,NZ,KREP
REAL*&6 Xb6kID,YURID,ZGKID,M,SCAL,T1X,TY,12,0MEGA,PHI,KAPPA
INTELEN XMUD,LYNODLZMOD ———
C PLUTTER LIMITS
CCOMMUN/CLIMP/XPLIM, YPLIM e o
DILIT1ZEx FIXEu DATA VARIABLES
LOMMUN/MULT/KST,ID,TUS .
INTEGER*2 nST(1500),10(1500),105(1500)
L ALPHA ARKAY_EOK _LISTING 1APE RECORUDS e
INTELER*2 DIGREC(8V)
C TEMPUKARY STEReOMODEL COORDS o
INTEGEX XMUD1, XMODR2, YMOD1,YMUD2,ZM0OD1,2M0De
C ™mIbC VARIABLES FOR _COMPUTATION,FIC =~ —
REAL*8 XbL,YG6,ZbsXG1sYG1,261,R62,Y62,262,DTEMP, DAZM
cmvieme e REAL %8 ACKE,ENSCAL ZMULTX,MULTY Ml T2

nOhCcoobobhon 00O

(9]

C UIMEnSION MISC VARIABLES, RESIULJALS,
LIt NSIUN__ MUDEL (P20) ,XKES(2G) , YRES(20) ,ZRES(20),CONIDL20,3) _.
C CALCULATED GrIU VALUES OF COUNTROL POINTS
REAL*E _ACALL(2U), YCALC(2U), ZCALC(P0)
C DIMENSI(¢ INTEGER ARRAYS FUR NPD CARD OFFSETS & ELEVATIONS. DP JUB NO,
o JINTEGLEK _UFFSEY(6) . ELEV(A) e L
KEAL*x8 JUB
C VARIABLES FUKk JTASKS 4 ¥ S I
KEAL*8 LAT,DEP,DPREV,DMD,DAREA,DHUK,DSLUPE
L PLUY _ARRAYS FOK 'FLINF' SUBROUIINF
UIHMENSION XARRAY(1500),YARRAY (1500)

e £ WUIYVALENCE (XMOD (1), XAKKAY LI, (YMOU(I),YARKAY (1)) -
C ehu ARnAY FOR CALCUMP SHADING ROUTINE
LDIMENSIUN _XAKAYR(U4),YARAYP(4)

C
C . __ . StluP ARKkAYS FOUR OVERPUNCHING NPD £Ww CARDS e e
C

e DIMEASION JOFF(6)  JELEV(6)  IOVERF(6), TUVFRU(O),LIOVERD(RO) . . ..
VvATA TUVERD/1HU,1H1,1H2,1H3,1HU,1HS,1Ho,1hT7,1H8,1H9,2D0, 1HJ,
Sl IHK,Inl, 1AM, 1HN,1HD, 1HP,1HB, 1HR/

o0

SYOTEM SUBKOUYINES, "NORTH!  *XYDFC', 'SFARCH?! -
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UATA KC/'CARD'/

VATA KF/'F'/

C PLUTTER LIMITS
aPLIM=T5,0

YPLIM=48,u

C_LIMIT OF NUMBER UF PUINTS PEK TASK

LPT=1500

C UEFAULT_MULT FACTORS FOR MODEL COORDS(EB)

mMULTXSS,bu

MULTYES,00
MULTL=2,50v

C_J/7u_wErbExENCE NUMBERS

KInss
rOUT=6

KPuNCH=2
e NPUlyER=T

rnlare=s
e e BD1SCEY

KUKAWS3

C CALCuUmMP _SYMBUL & LETTER HEIGHTS

nSYMz U6
_nSYML=,06

nStCi1=,06
_HS1A=.10

nBuwls,vu6
hBwlbLE.06

C COwDITION VARIABLES RELARDING STATUS OF INPUT DATA

oo RERDISO

NEWMUD=1
e - ANLXT=y

C mIsC, VARIABLES

RAVDIAN=S7 ,295748

PI=3,141593%

C INIJ1ALLIZE PLUITER ROUTINES
CALL PLOTS(DuM,DuM,DUM)

C INITIALIZE '"NWiRAW SUBKUUTINE'?®
CALL INDRAN(72.0,486,0,4,0,KDkAW)

(meeen e

C rEAU MAG TAPE, LIST AND WRITE ON DISC

WRITE (KOUT,13130)
LR1TE _(KUUl 103

10 FURMAT (/777

WRI1ITE (KOUT,.20)

S9%, 'UIGITIZED DATA LISTING'/SS5x,22('x'))

EU FOnMAT (/777

2 C(OX,S("=1), 18,6 ("="),1X,8(*="),1X,3(%="),1Xx,8('=1),1X,

E(SX.'MUDEL'plX,'DELETE',IX,'TASK',]X,'SUb',lx.
APUINI=ID " IX, CEVENTY pIX, "X=MUDEL ', 1X, ' Y=MDDEL *,1X, ' 2=MUDEL ")/ _.

3. 9{'='),3{1X,'eromacat}))

C KEAD MaG TAPE RECORDS, LISTING AND WRITING On DISC,
3y KEAD_(KIAPt ,40,ERREBUL,ENDS90) DIGREC

40 FOKMAT(BUAL)

ou nRITE (XLUUT,70) DIGREC J—
Tu FORMAT (2(SX,5A1,4X,A1,4X,2A1,3%,A1,3X,4A1,"

'y2A1,2X,4A1, 3(1x 7A1)
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B N B 2 S
nRITE (KDISC,40) DIGREC
60 Ju_ 30
60 wRITE (KUUT,250)
. LU Ty _ 30U — e
QU Einv FILE KULISC

Loomacea R LA I TI LI I L L L)Y kit T

C BELINW INPUT FOK THIS MUDEL
£- ------- - s W - ——
C KEFOSIIION DISC TO START OF FILE
. kEwlnD KD1SC e e

C rReEAD TITLE HEADER CARD FOR THIS MODEL

AU KEAD (KIn,110,FHDII080) MODEL -

110 FUKRMAT (2UA4)
L KEAD _SECUND_HEADER CARD FOR 1H1S MODFL FOR THE FOLLOWING, .. ... . .
C mEIKIC CUDE,PRUPURTIONAL SCALE,CAKRD 1RPUT CODLE,EARTHWOKK CARU JOu ID.

S __L_LANlnuuﬂﬁ_£AnD,IiBE*ﬁRlD_u&lLNlAIluﬂ4_hﬁlD_ll£L_$RAClnh43_MULI_EACIHRS_~“

READ (KIN,320) METRIC,NSCAL,KAKD,JUB,KTYPE,GKIDOK,NCOLOR,
o1 NoR1,NGK2,KEEFT,MUL X MULY MUt Z P —
12V FOxMAT(AL,19,4X,A4,4Xx,A5,2%X,11,F10,1,T10,18X,13,1X, IS.AI,IX;SII)
C_CHANLE _AXIS MULT,. FACTORS JIF NUNeZFRU R
1F (MULXNELO) MULTXSMULX
~IFAMULY NEL0) MULTYSMULY .

IF (MULZ.NELO) MULTZEMULZ

L _MupIkY 7 FACIOK FOR GFAR RATIO o
IF (NoReJNEL0) MULTZ=(MULTZ%NGR]1)/NGRe

C MUDIFY_ 2 FACIOk IF A30 FFFT OPTION IS SET O
1F(KFEETLEQ.KF) MULTZ=(MULTZx32)/105

L ASSILN DEFAULY VaALUE T0O SCcale OF FLOT,
1F (NSCAL.ED.0) wSCAL=600

L PKINT PRUGKAK wAME & HEADFR DATA

WRITE (KUUT,13¢)
A3V FORMAT(M A 2772 /737X, *PHOTOGKAMMETRIC DIGITIZING PRUGRAM = PORTLAND
1015TRICT CURPS OF ENGINEERS PHUTUGRAMMETRY SECTION'/17Xx,96('x'))
. WRITE _(KOUJ.140) MODEL e e e —_
140 FORMAT (26X,20A4)
~ .oK1Te (R0OUT,150) NSCAlL LGRIDOR e e e
15v FUKMAT(/’ZbX"SCALE = 1/',17,6X,'NURTH ANGLE = ',Fboll'DEGs'J
C READ GrID. CONIKOL POINT CARDS UNTIL END CAKD 1S ENCOUNTEKED,
C '"NLOW' wlLL ot EJUAL Tu NUMBER OF CONTRUL POINTS READ.
.. Aoy _NCONZ1
17v READ (KIN,18v) YGRID(NCON),XGKID{(NCON),ZoRID(NCON),
3 (LONID (eCONN) =1, 3) G KEND

180 FORMAT(FLlUu,2,5X,F10,2,F10,2,5%X,3A4,27X%X,11)
_1F (KEND.NE,V) GU J0 200 ol
wCUNSNCUON+]
i AF (NCUN,Ew,21) wWRITE (KOU1,190) .
190 FORMAT(/ SX,'*DIAGNOSTICx CONTwOL POIN1 LIMIT HAS BEEN REACHtD NO
JI_MURE wILL BE READ FOR IHIS MODEL.')
IF (WCuN,Euw,.21) GO Tu 200
. _.L0_ YUl S L
C LUNT«OL POINI CARDS HAVE BEEN READ FOR THIS MODEL,., SUBTRACT END CARD,
200 NCUNSNCON=1

C RESET mODEL ADVANCE CODE Tu ZERO, IN CASE IT IS NOw 1
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KADVANEO
[ L L T T e e L L L L T
_C DISITLIZED MAbL 1 APE_INPUT RUUTInWE, 'NPTS' 1S NUMBER OF DIGITIZEDL STekeu
C MUU&L POINTS FUR CURREnNT TASK AFTER COMPLETION OF INPUT OF THIS T1ASK,
Creerecnnaa retmeccccon- heRedudvadesdvetosedekedadedad bl X X L L XL L L L L L Lttt decdatadedoded DA L LD D)
210 NP1b =0
- C LO Ty APPRUOPRIATE PARY DFPENDING UPON VALUE OF CONDITION CODE 'KNEXT'.
1F (ANEXT,.£B,1) 8O TO 270
o IF (KNEXT.EQ.2) GO TO 30U
TC KEAD ONEMAG TAPE 80 DI1GIT RECORD FOR 2 DIGIVIZED POINTS,
_22u_KkKEAL (KDISC,23V,ERR=240,END=26(0)
1 MOD1,KDEL1,KTAS1,KST?1,101, IDSI,KEVI XMODI.YMUDI,
R IMUDL, MUDZLKDELC KTASD,KST2, 102,102, KEV2, XMOUR,YMOD2,ZM0DR. .
230 FORMAT(2(I5,11,12,11,14,12,14,317))

e 60 _TU 270 [,
C TAPE TKRANSMISSIUN ERROR HAS OCURREL, PRINT DIAGNOSTIC & READ AGAIN,
240 WRITE (KOUT,250) -

250 FOKMAT(/ Sx,'*DIAGNOSTICx TAPE READ ERROR HAS UCURKED. )

O TU_ 220 — e =

C END UF TAPE,., SET CONDITION CUDE AND TRANSFER TO TASK TESTING RUUIINE.
260 KENDI=1

60 Tu 310

£
C PRUCESS FIrST HALF OF MAG, TAPE RECORD,
c
C

CHECR FOKR ZEKO FILL
o270 IF (MOD1,EU,y) _GU TO 300
C CHECK FOR DELETE CUDES
1F (xDEL1,EQ,1 AND NPTS,6T,0) NPTS=SNPTSe]
IF (KDeLl.tW,1) 6O TU 300
IF (Dbl 1.E0,2) mriNEXTI=2
IF (kDEL1,EG.2) 60 TU 21v
e L_JF THIS 1S THE FJRST PUINT FUR THIS MODEL & THE TASK NUMBEk IS NOT
C ONE, SKIP TH1S MONEL BY SETTINL ADVANCE CODE,
_1F _(NEWMUDL.EU,1,AND,KTAS1.NEL1) KADVANST e e
IF (NEAMUD,EW.) s ANDSKTASI .NEL1) WNKITE (KOUI,280) MDDI
S 28U FORMAT(/ SX,'*DIAGNUSTICs THE FIRST TASK FOR MODEL *',I15,' 1S NOT T_
1ASKR WUMBER OwE. THIS MOUODEL wllLt BE SKIPPED,')
‘Nﬂmuﬁwlﬁ_lﬂléal§_£15§1_ﬂulﬂl_ﬁuB_lﬂli_ﬁﬂQELL_élQBL_LuBKENI_MODEL NUMBEK, AwD
C KESET NEw=MODEL CODE TO ZERO,
— IF_(NEWMUD,EG,1) KURMOD=MODI]
IF (NEWMUD.EW,1) NEWMOD=U
e C CHECK FOr NEW WOUEL, TF NFW KESFT NEWeMODFL CORE R YRANSFER JO YASK ___ .
C PRUCESSInNG PART OF PROGRAM, SET NEXT CuUuDE ALSO,
e AF_(RUKMUDLNE .MOD1) NENMODSE
IF (KURMUD NE . ,MOUL) KNEXT=)
IfF (RURMUD.NE.MUDT) 6O TO 310
C 1F THIs 1S FIRST POINT FUR A NEw TASK, STORE CURRENT TASK NUMBER.
1F (NPTIS. Fu.0) KURTIAS=KTASH
C CHECK FOUR A NEw TASK, IF Niew, TRANSFER TU TASK KROUTINE
JF (KUKTAS.NEKTAS1) KNEXTI=1
IF (KURTAS,NE.KTAS1) GU TO 310
o~ C_CHECK FOR EVENT COUNIER SET HACK YO 1
IF (KEV1.,EW.1,AND,NPTS,6T,0) KNEXT=}




.......... AF_ _(REV1 EQ 1 ANDNPIS. 6T, u) GO JO 310

C CHECA FOrR EXCEEDIWL 500 POINTS IN SAME TASK
IF (wPTS.ELLLPT) WrITE (KOUT,290) KTASI,MuDy . . __ B
29u FORMAT{/ Sx,"sxwArNNING* THAE LIMIT OF POINTS FOR TASK NO. ,12,
StuDel NOUL',15,' HAS HBFEN kFACHFL, A NEw YASK w)iL BE STARTED.!')
IF (NPIS,EW.LPT) KuEXTS1
- CAIF ANPIS.FL.LPTY GO 10 I30

-~ ..HPTS=NPIS+] -
KOT(NPTS)=KST!
1D (NPTID) =1 R
IDS(NPTS)=1DST
- AUl =xDfL 3

"C INoOERT F1RST HALF INTO TASK ARRAYS.(SUBTASK,ID,SUB=ID,& MODEL COUKDS.)

8l

OF M

C MULTIPLY MUDEL CUORDINATES BY APPROUPRIATE SCALE FACTOR,
. XMULDANPIS)SXMODIAMULIX U
YMUD (NPTS)=SYMODIvMULTY

e bho:

CHeCX FOR_ZEw0 FI1L, JE ZERO FILL ®RETURN Tu READ NEXT JAPE RECURD
30u IF (MOUL2.EW,U) GU TOD 220
CHECK FUK DELEIFE CODES e -
IF (RDEL2.EUL1.AND.NPTS,6T,0) NPTS=NPTS=1
- AE_(KDELPJERL1) GO I0 224

o]

- ZMUDANPIS)I=ZMODI «MUL TZ —_—
 PRUCESS_SECOND_HALF OF MAG, 1APE RECORD .

IF (RDEL2.,EG,2) KNEXTI=0

.. 1F _(nUEL2.ENQ,2) 60 _TD 210

C CHECn FOK TASK NUT UNE ON FIKRST POINT FOR THIS MUDEL
AF . (NEAMUDEWL 1. AND KTAS2 NF, 1) KADVAN=Y .
LF (NEAMUU EU) s AND KTASI.NEL1) WRITE (KQUT,280) MOD2

C 1f. FlkoT PUINT KESET MuDFI CODF & SFT CURRENT MODEL NUMBER

IF (nEWMCD.Ed.1) KURMOU=MOUP?
IF _(nEwmUDLENL1) NEWMODS( —_—
L CHECN FUr wnNEw MODEL.
CIF (RURMODANE L MOD2) NEWMODS] - .
IF (KurRMUD,NE.mOD2) KNEXT=2
. IF (KURMUD NE.MOD2) 60 TO 330
C bﬁr CUKRENT TASK Ir THIS IS FIKS1 POINT FOR TH]IS TASK
CIF _(NPT19.EW.0) KURTASSKTASE
C CHECRKR FUOr A nEwn TASK
e AF _(RURJAS NE XKTASP) KNEXT=2

IF (ARUKTAS,NE,RTAS2) GO TO 310
. L_LCHECK FOx EVENT COUNTFK RESEY TO 1

IF (KEv2.EuelAND, NP15,6T,0) KNEXT=2

IF (KEVR,Ewa.l AND.NPTS.6T.0) GO T0 310 e
C CHECK FUx EXCEEDING S00 POINTS 1IN ONE TASK

IF (NPISLEULLPT) wnITE (KOUT,290) KTAS2,MOD2

IF (WPTS.Eu.LPT) KnNEXT=2
e —AF _(NPIS,EULLPT) 60O 10 310

€ INSERT 2nD HALF UF TAPE RECORD INTO TASK ARRAYS
NPTS=NPTO+]
KST(WPTS)=KSTe

__ IvineTS)=lue
IDs(NPT1S)=1DS2
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KDEL=KUEL? .
C MULTIPLY MUDEL COOURDINATES BY APPRUPRIAVE SCALE FACTOR,
__ XMOD(NPTS)=XMOD22MUL TX R
YMUD (NPTS)SYMOD2aMULTY
e ____ZMUD(NPIS)=ZMOD2xMULTZ
C RETURN TO READ THE NEXT TAPE RECORD.(2 DIGITIZED POINTS)
60 _Tu 22 —

(resrecccccreccancmaccsens

__C_TASK _LLECIJUN ROUTINE e e

- L_9KIP_ TASKS IF_mODEL ADVANCE CODE JS SE€Y 1O OWk, = . .
310 IF (KAUVAN.EW.}) 6GU 70 330
e L RETURN T PEN § UNLESS DELETE CODE IS S.6, OR / FOR APPRUPRIAIE PEN,. . . .
C If NCOLOUR=1 UVER=-RIDE DELETE CUDE AND RETURN TO PEN 1,
NPEN=1 - e s
1F (KDEL . £0,5) NPEN=2
e JE(KDELLEG.6) NPEN=3
IF(KDEL.EG.T) NPEN=4
e AE(NCOL O F 1) NPENST ——
CALL NEwPEw (NPEN)
e L CHECK TAOK CODE AND TRANSFER T0O APPRUPRIATF TASK ROUIINF, . _
IF (RURTAS,EU.1) GU TO0 340
JIF (CURTAS.Ewa2) GUL I0 600 [ -
IF (RurTAS.EW.3) GO TO 6b0
IF _(KUxJAS EG.4) GO TO 850 ———
IF (KURTAS,E@.9) GU TO 850
e C 1F PRESIMBA_ _TASKS_ENCUUNTERFD SKIP WITWOUT DIAGNUSTIC . _ . _.
IF (KURTAS.EG,91) GO Tu 330
oo e JF(KURTAS.ER.92) GO 10 330 e
C NU VALID TASn HAS ®EEN FOUnND, wRITE DIAGIWOSTIC,
e WRITE (KOUTL ,320) KUKRTAS,KURMOD e
320 FORMAT(/ Sx,'*DIAGNOSTIC® TASK NUMBEK',12,' OF MUDEL NU,',15,' IS
1 NOT A VALLID _TASK, CONSULY OLFDA FOR CORRECT NUMBER,').._.. . ..
C CURRENT TASK HAS BEEN EXECuUTED
oL CHECK EOUK_ENL JF TAPE CODE ST TU ONE e
33y IF (AENDT,tW.1) 6O Tu 1050
L IF_ WNEWR MODEL CUUE IS SFT RETURN TO KFAD 2 HFADER CARDS & GrID. . CONTROL
C CAxDS FOR ANUTHER MUDEL. OTHERWISE READ ANOTHER SE1 OF MAG TAPE
e - C_KECOKDS FOR _JHE NEXT TASK, S
IF (NEnMUD.Euw.1) GU 10 100
I1F (WEwMOD . EW,.0) GL 10 210
(ecrccmcsencccarcanccasnnas
C TASK PORTIUN OF FPROGRAM
(eomecccccccccccccnnanena
c

(eeececrcrcccncccccccconnncecccacsvancen

C 1aSK NUMbEk 1 = PROUCESS CONTROL POUINIS e e =

o creermcccsae

________L_n&lIE_IAEK_IllLE_L_MDDLL_NUMBfR

340 wRITE (KOUT,350)
350 FURMAY(/////95x,"CONTROI POINTS'/SSX,14('#'))
WRITE (KUUT,36u) KURMOD
36U FORMAT (59X, '"MODFL NUMBER',16)
C IF MORE IHAN ONE OBSERVED CONTKOL POINT COMPUTE MEAN,
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NOLS=KST(1)

CALL MULTOB(XMOD,YMOU,ZMOD,NPTS,NOBS)
C CHECK TO SEE JF _WUMBER OF CONTROL CAxDS MATCHES NO, UF DIGITIZED PTS,
370 1F (WCuN,NE.NPTS) wRITE (KUUT,380) NCON,NPTS

38y FORMAT(/SX,'"*WARNING=',13,' CONTROI POINTS READ_IN ON CAKDS, BUT',
1 I5,' CONTROL POINTS DIGITIZED., THME SMALLEK NUMBER wllLt BE USEVL.')
NPT=NCUN

IF (NPIS LT, NCDN) NPT NPTS

L SOLVE _FDOR _TRANSFORMATION PARAMETIERS
390 CALL CONW3D
—— L CHECK FOR FRRO®R CONDITIONS, IF PRESFNT, SFY MODEL ADVANCF CODE, .
IF (NCODE.NEo.2) GO TO 410
—_— WRITFE (XKuUUl,400) —_— e
400 FURMAT(/5X,"DIAGNOSTICx NOT ENOUGH CONTROL FOR SOLUTION. THIS MODE
11 wILl 8BF SKIPPED,')
GU T 4Svu
- 410 . 1F (NCODENE.R) GO YO 430
wRITE (KUUT,420)
420 FURMAT(/S5X,'*DIAGNOSTICe | IMI1TY OF JTFRATIONS HAS BFEN REACHED wITH .
10Ul CONVERGEwWCE, ThIS MUOUEL wILL BE SKIPPED,')
o130 _TO 4Sv.
430 1F (NCUDE,NE.4) GO TO 470
e ARITE (KQUT,484y)
440 FORMAT (/5X,'*DIAGNUSTICx DIVISION BY ZERU HAS OCURREL IN THE SULUT
110N _WF_THE WORMAL EQUATIONS, THIS MODFI WILL #E SKIPPED.')._. . __.
C INITIALIZE RESIDUALS TO ZERO FOR NEAT PRINTOUT
450 DO 460 N=I,NPT
XRES(N)=0 .0
YRES(NI=0 .0
46U ZRES(W)=Uu,.u
e £ SET _MODEL ADVANCE CODF R TRANSFER T0 PRINT PORITOUN GF ROUYIINE . . ... _
KADVANS1
— 60 _Tu 49u__
C INITIALIZE SuM DF THE SQUARES VARIABLES TO0 ZEROS
e 81U SUMXLZ LU
sSumMyYesv,.0
_Sumlesv,.y e .
C CALCULATE GRID COURDS, RESIDUALS, AND SUM OF SWUARES OF THE REbIDUALS.
PO 480 N=1,NPT
C CONVERT MODEL TO GRID COORDS,
CALL CuUNVER (X

B

C CALCULATE RESIVDUALS OR SET TO ZERU IF THERE wAS WO GRID VALUE
e C_ORIGINALLY_ _READ _INa

XRES(N)SXCALC(N)=XGRID(N)
1F (XGRIUL(N),Ew,0.D0) XRES(N)=0,0
YRES(N)=YCALC(N)=YGRIV(N)
IF_(YGRIVI(N) EQ,U.DO) YRES(NI=Q,0
ZRES(N)=ZCALC(N)=ZGRID(N)
IF_(Z26RID(iv) EQ.0,00) ZRES(NI=UL,0

C UPDATE SUM OF THE SOQUARE OF THE RESIDUALS
SUMX2SSUMX2+XRES (N)xx2
SUMY2=SUMY2+YRES(N) xw2




. SUMZE=SUMZ2+ZRES(N) w2
480 CONTINUE
€ CALCULATE STANDARD DEVIATIONS, DIVIDE SUMS BY n=i AND JAKE SGUARE=~ROUT
STGMAXESERT (SUMX2/NX)
_ SIuMAYSSURT (SUMYR/ZinY)
SIGMAZ=SERY (SUMZ2/NZ)
C_CALCULATE 3-51GLMA(99 PERCENT EnrRUR)
SIu3X=3*xSI6MAX
. S1u3Y=3xSIGMAY
SIG3L=3xS16MAZ
€ PRINT COLUMN HEADINGS
490 wR1TE (KULT,500)
50y FOrMAT(/// 1X,'SEGUENCE NO,',2X, 'X=-MODEL ', 2X, 'Y-MODEL',2X,
1 .‘.MODEL'IZX'
. 2 _"X=bRID(EAST) ',2X, 'Y=bRID(NURTH)',2X,'Z=GkID(FLEV,I*) . __ .
wR1le (KQUT,510)

S10_FORMAT('+', 85X, 'X-RESIDUAL',2X, 'Y*RESIDUAL',2X, *Z-RESIVUAL ',
1 2A,'PUINT I,.,D.")
NRITE _(KODT,520) .
52U FORMAT(1a,12("=") 22X, 7( ="} ,2X,7("'="),2X,7('="),2X,
A 12('=*), 2%, 13('='"),2%X,13('="')) S
leTt (Kuul,530)
930 FORMAT('+',80X,10('="),2X,10('="),2X,10("'=*),2X,10("'=")) . __

C PrRLINI MODEL COURDINATES, OKRIGINAL GRIV COOKRDINATES, & RESIDUALS
VU 540 N=1,NPT
WhlTE(RUUT,531) N, XMUD(N), YMUD(N),ZMOD(N), (CUNID(N,K),K=1,3)
_23) FORMAT(IX,111,3€2X,17),82X,3A4)
IF (XGRIDIN) ANE.0,DU) WRITE(KOUY,S32) XGRID(N),XRES(N)
932 FORMAT('+',4UX,F12.2,32X,F10.2,38X) S
IF(YGRID(N) JNELO0,DV) WRITE(KUUT,533) YGRID(N).YRLS(N)
..533 FURMAY ('+',5u4X,F13,.2,29X,F10.2,26X)
I (ZOoHID(N) JNELU,DU) WRITE(ROUT,534) ZGRID(W),ZRES(N)
534 FURMAT('+',69%X,F13,2,26X,F10.2,34%)
C PRINT CALCULATED COOkD, JF NO URIGINAL GRIUL VALUE
CIF(KADVANLER,1) 6O TO 540
1F(XLRID(N) .EW.0.D0) WKITE(KOUT,532) XCALC(N)
e o AFAYLRIDEN) JEQL0.D0) WRITE(KOUT,S33) YCALC(N)
IF(ZURIO(N) eEJoV.DV) WRITE(KOULT,534) ZCALC(N)
54y COHTINVE
C 1F MuDtL AVANCE CODE IS SET TRANSFER TO END OF TASK SECTION OF PRUGRAM
. . _IF (kADVAN,EW.1) GO TO 330
C PKINT STANUAKRD DEVIATIUNS(SIGMA) ,NU, ITERATIUNS, & DEGREES OF FREEDOM
HOFENEG=4
wr1TE (KUUI'SSU) SIGMAX'bxGMﬁY,SlGMAZ,NUMIT;NDF
550 FORMAT(///1X, 'STANDARD DEVIATION OF KFSIDUALS,', SX,'X = ',Eb,.2,
1 :XO.Y = .'Fbaap SX"Z= ',Fb.a /
2 1xp'NUMBER OF JTEwATIONS REQUIRED FOUK SOLUTION = *,12 /. . ..
3 lx,'DtsnEtS OF FRtEUOM = ',12)

SPRUP=SCAL x,3048/1,0E=6

_B8umre= OMEﬁAtRADIAN/ 9
B8PH1IS=PHIXRAD1AN/, 9
e WRLTE (KOUT,.S6

S60 FORMAT(1X, *MUDEL SCALE = 1/',F12,4/
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1 1X, 'UMEGA(DB) = ',fS5.2/
2 1X,'PHI(BB) = ',F5,2)
o C._ARITE MESSAGE 1F MORE THAN 1 OXSFKVATIONW OF CONTKOL POINTS
IF(NOBS.6T,1) wrRITE(KOUT,S65) nNOBS
e S65 FORMAT(AIX,'EACH POINT wAS DIGYTIZFLY, 12, TIMES,Y)
C LOUK FUk RESIDUALS GKREATER THAN 3XSIGMA(99 PERCENT EKROR)
L. 1E _FOUND SFY CORKRFSPONDING OxIGIwAL BRID VALUE T0 ZERO FOR _PUSSIBLE. ... _.
C RECUMPUTATIUN UF PARAMETERS,
- NUMG1SsY
DO 570 N=1,NPTY
e 1F_(ABS(XRES(N}) GBI 5IG3X) NUMLTINUMGT+]
IF (ABS(XRES(N)) GT.SIG3Xx) XGRID(N}=0,DU
IF (ABSAYRESI{N))  GY.SIGIY) NUMGI=NUMET+]
IF (ABS(YRES(N))GT,SIG3Y) YGRID(N)=u,UL0
e 1F (ABS(/RES(iv)) GI1,S1i5337) NuUMGTINUMGT+]
IF (ABS(ZKES(N)) ,6GT.81632Z) ZGRID(N)=0,00
S7u CONTINUE
C RETURNW FUR ANOTHER SOLUTIUN OF PARAMETERS IF LARGE RESIDUALS WERE
L _FOUND AND 1F_TAFRE ARE ENOUGH FQUALTONS FUR SOLUMITON,
NUFSNDF eNUMG
. IF _(NDF (GELQ AND NUMGT, 6T, 0) wrRITF (KOUY,SH0) NUMGYT . .. .
IF (NDF ,GE. Q0 AND NUMBT ,GT,U) KREP=]
e AF _(NDF A GF a0 AND  NUMGT . 61,0) GU Y0 390 e
58U FORMAT(/5X, "«NOTE*',12,"' PARAMETERS HAVE RESIDUALS LARbER THAlW THE
- J THE 99 PERCENT FRROR, ANOTHFR St UTI10N wIiL BE IRIED wWITHUUT THEM. .
')
_w_g_n_ﬁlAﬁi_ﬂiu“RAﬁh FOR_THE RESI UF THE TASKS
WR1TE(KOUT,585)
s 98> FORMAT('1')
C PREPAKE TO PLUT 6GRID & CONTRUL PUINTS FOR THIS MUDEL
L SUBSTITE Cal CULATED XxXY COUKRDS, FOr INPUT GKID CoURDS,
DO S90 N=1,NPT
R e XORID(NY=XCALC(N).
990 YGRID(N)SYCALC(N)
. C PLOT G6RID & CONTROL _POINTS
CALL MANPLT (NPT, NSCAL,GKIVOR,MODEL,METRIC)
e L WRITE PE{. _NUMBER
#R1ITE (KOUT,595) NPEN
v D99 FURMAT(SS5X, 'PEN. NUMBER',12)
C RETUrN TO END OF TASK SECTION
GO _T0 330

(eeecccccccccccccncncrancanernuccccncsncrannnanrcaesannscncccnennoane

oL TASK NUMBFR 2 = ESTABILISH GRID COOKDS X PLOT FOR RANDOM POINIS,

(eececcercccccccrcccnerccnnccccccvecccccccsanccscascnaccnnenananaan

ceeeL WRITE HEADING FOK _TASK
600 wWR1ITE (KOUT,610)
e b1y FORMAY(//// /55K, "RANDOM POINTS'/55X,13('x'))
wRITE (KOUT,360) KURMOD
el WR1TE COLUMN HEADINGS
nRITE (KOUT,500)
. wR1Te (KOU1,620)
620 FOKRMAT("+',85X%X,'POINT 1,0,',2%,'PLOT SYMBOL')
.- WRITE (KOUT,520) —-
WRITE (KOUT,630)
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630 FORMAT('+',85%,10( '="),2X,11('="))
C NEw SEARCH RECURD
I CALL_ PLU‘(U-,O.;'3)
"G AVEKAGE MULTIPLE KEAUDINGS
e NOBSEKST(1)_ e
CALL MULTOB8 (XMUD,YMOD,ZMOD,NPTS,NOBS)
C PRUCESS EACH PUINT
DO 650 N=1,NPTS
C _CONVERT MUDEL_ COURDS Ty GRID CUOQRDS
CALL CONVER(XMUD(N),YMUOD(N),ZMUD(N),XG,Y6,26G)
__C WRITE SEQUENCE WUMBER, COURDS, POINT J1.D., & PLOT_SYMBOL_NUMBER _
WRITE (KOUY,640) NyXMOU (N), YMOOD () ¢ ZMOU(N) X6, Y6, 26, I0(N), IDS(N)
______g5g_LQAﬂAlJJ_;JJELALﬁ_LlLLLRx;£l£‘2;212x4£1}‘21421411&;21¢1J13______”Vm
C PUNCH GRID CUNTROL CARDS,
o 1F(ID(N) LEULv) WRITE(KPUNCH,645) YG,X6,26 . ..
1F (U (iN) oNE oU) WRITE(KPUWCH,645) Yb6,XG,20,1D(N)
649 FORMAT(F10,2,5X,2F10,2,9X,.14)
C CONVERT GRID CUORU, TO PLOT COUKRD.,
CALL ROTKANI(XG,YG,XPLOT,YPLOT,1) e
C CHECK FOR BEING WITHIN PLOTTER LIMITS, SKIP PLUTIING IF nNOT mnlTHIN,
e AF_ (LIMP(XPLOT,YPLOT) EQ.Y) 6U YU 680
C IF SuB lu 1S 2u PLUT DECIMAL ELEVATIUN INSTEAD OF CALCOMP SYSMpOL
e 1F_(IDS(N)LEd.20) FPNEZ6
1F (1DS(N).EWw,20) CALL XYDEC(XPLUT,YPLOT,HSYM,FPi, 0..1)
_1F (IDS(N) JEQ.2u) 6D JO 680
C PLUT SYMBOL wllrn SYMB0L CODE INPUT ON MAG, TAFE
e _NSYM=S1DS(N)
CALL SYMBOL(XPLOT,YPLOT,HSYM,NSY™ ,0,,*1)
e =L _ANNOJATE PLOTTIED _SYMuOL wITH I # IF NoT ZERO, . . . .
IF(Iv(N) .Ew.0) GO TO 650
R FPin=1D{Ix)
CALL NUMBE®(999,,999, ,HSYML,FPN,Ue,=1)
e . 650 _CONTINUE
C WRITE MESSAGE FOK MULTIPLE OBSEKVATIUNS OF PUINTS
e LE(NUBSA61.1). ARITE(RKOUT,S0S) wWOKS .
C WRITE SEARCH RECURD INFORMATION
[ LALL SEARCHI{NSR)
WRITE (KUul,660) KuRMOD
- mﬁ_QQQ_EQRMAIL[LSbAJ_ﬁAuDﬂM_Eulﬂlh_nAME_Biﬁu_ELDIIEu_EDR_Mnth NO, ',15/
55X,51('=1))
AWRITE (KOUT,b70) NSR

670 FURMAT(S55x,'SEARCH RECORD NUMEBER',I4)
L ARITE PFy NUMBER

WRITE (KOUT,995) NPEN
e C RFETLURN. TO END OF TASK SECTION
GO Tu 33¢u
(meceee e [ —— P . ercnescrnene.

C TASK NUMBER 3 = CkOSS SECTIONS WITH NPV EARTHWORK CARDS

C WRITE HEADING FUK TASK, MUDEL NO,, AND STATIUN,
— 080 wRITE (KOUT,690)

690 FORMAT(/////755X,'CROSS SECTIUN'/S5SX,13("'x'))
WRI1TE (KOUI,36u) KURMOD
wR1TE (KOUT,700) 1V(1),IDS(1)
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TUU FURMAT (55X, "STATION *,J4,'+',12)
C CALCULATE AZMUIH OF X=SECTION
. CALL CUNVER(X®MOD(1),YMUDC(1),2MOD(1),X6B1,Y6G1,261) .
CALL CUNVER(xMUD (NPTS), YMOU(NPTS),ZMUOD(NPTS),XG62, Y02, Zb?)
CCALL AZINVIYGI,XG1,Y602,Xu2,DAZM,TEMP) e el
AZMXSSVAZM
C CALCULATE. PLOUT ANGLES FOr FLFVATION NUMBERS & FOr STATION ANNOTATION,.
ANGXS=uKR]IDUOK+90,=DAZM*RAVIAN
. . . ANBBLSANLXS 90 -
C BE SuRt PLOT 'ANGLE OF ELEVATION POINT IS NOT UPSIDE DOWN
ANGEL=S _ANLBL —— .
1F ( COS(ANGLEL/RADIAN) LT.0,00) ANGEL=ANGEL+180,0
C SEARLH FOR. DIGITIZED REFERENCE POINT  IF NuTl FOUND, ASSUME THAT THE
C FIKS1 POINT 1S THE REFERENCE POINT,
. .DNKeF=E1. S U
uU 710 N=1,NPTS
AF (nSTAN) NF,0) NRFFaN ———
T1v CONTINUE
L. COnVER] MUDEL LUURDS. I0 GRID I
CALL COUNVEKR(XMOD(NREF),YMOD (NKEF),ZMOD (NREF) ,Xx61,Y61, ZGI)
C. wRITE COULUMN HrADTNGS e
WR1TE (KUUT,500)
-wKITE _(KOUT,22u)
72y FORMAT('+',B85X,'OFFSET D1ISTANCE")
.. .AR1IE_ (XOUI,S520)
wRITE (KUUT,730)
73v FOURMAT (' +',8S5%X,15('e?))
C NEw SEARCH RECURD
LALL PLOJ._(UA‘ 0;.-3)
C SET TU ZeRu THE VAKIABLE Tu BE USEuL AS THE SUBCRIPT OF THE DIGITIZED
LC.POINTS ARRAY,. LO TnF SAMF FOR JHr CHANGE OF AZMUIH CODE,
nbilt=vu
R . KCHANS O . e -
C PRUCESS EACH DIGITIZED PUINT, 'N'= THE SEQUENCE OF THE CROSS ShCIIUN
C PUINTS AFTER _ALJUSTMENT UF THE REFERENCF POINT, . ._ . _ _
00 30U N=1,NPTS
L. DL1GEND1be) e e
C IF THE ReFERENCE PUINT IS ENCOUNTERED SKIP UNTIL CHANGE OF AZMUTH
C 15 ENCUUNTEKRED
1t (WD1GEW,NREF) NDIG=NDIG+1
_.C CALCULATE OFFESET DISTANCE & AZMUTH FROM KEFERENCE POINT
CALL CONVER(XMUD(NOIG),YMOD(NDIG),ZMOD(NDIG) ,X6,Y6,26)
—EALL AZINV(YL1,X61,Yb,X6,DA7ZM,DTEMP)
C CHtCn TO StE I+ AZMUIH IS POSITIVE Ox NEGATIVE RELATIVE TO AZMUTH
C UF Xx-SECTION LINE, SET CODE 'KPOS' TO INDICATE wHAT SIDE POINT . IS ON,
CHECK=RADIAN®DABS(DAZM=AZMXS)
KPUS==1
1F (CHECK,LT,90,0,UR,CHECK,GT,270.,0) KPDS=1
L CHeCr POk _FIKST POSITIVE OFFSEY DISTANCE, TRANSFER TO SPECIAL ROUTINE
C FUR INSERTION UF CENTEr POINT,
IF (nPUS,EN,.] ANV, KCHAN,EG,0) GO TO 750
C ASSIGN THE APPKUPRIATE SIGN TO OFFSET DISTANCE
VTEMP=DTEMP*KPOS . o
C PRINT SEWUENCE NUMBEK,MODEL COORDS, GRID COORDS, AND OFFSE1 DIST,
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WKITE (KOU1,740) N, XMOD(NDIG),YMOD(NDIG),ZMUD (NDIG) p%G,Y56,26,DTEMP
740 FORMAT(1x,112,3(2%, 17),2%X,F12.2,2(2X)F13,2),2%X,F15,.2)
80 _Tu 760

c
. C INSEKY DIGITIZED REFERENCE PUINT, BEFORE CuNTIWUING wITH & OFFSENS,

C VECREASE D1GIT1Z2EV POUInNT COUNTER BY UNE SO THE NEX1 POLINT NOT SK1PPED,
750 NO1G=NDL1G=1)
C SEIl CHANGE OF OFFSET DIRECTION FLAG,
. KCHAN=] e
C SET OFFSET DISTANCE TO ZERO AND DEFINE REGULAR GRID VAKIABLES
__DIEMP=0,
A6=xX61
. YOSYG6L
26=261
_C PRINI Stu NO.,MODEL COURDS,ETIC I
WRITE (XOUY,749) N, XMOD(NREF), YMUD(NREF],ZMOU(NREF) xG1l, YGl.lGl.

1 DIEMP -
c

— el NPU EARTHWORK CARDS ROUTINE .
C

— C SITURE FLEVATIOUN & OFFSET DIST IN INTEGER AKRRAYS
760 wPuEMUD(N,H)
IF (WP .EG.O) NPLS®
IF(DTEMP ,EU, V. UDU) DTIEMP=,0010D0
U JF(76.,E0,0.D0) 265.001D0
ELEV(NPD)=(DABS(Z6)+,05)x10*DABS (26) /26
e OFFSLYANPD)S(DABSIDIEMPI+,05)%x10%xDABS(OTEMPI/DTEMP
C CHECK UFFSET DISTANCES FOR BEING EWUAL Ok NOT IN SEGUENCE, SKIP FIRST
— IF (nN,EQ0,1) GO Y0 780
IF ((OFFSET(NPUY=LASUFF),LE,0) WRITE (KOUT,770)
2170 FOXMAT (1Xx, "anwAxNINx THF PREVIOUS Two POINTS ARF NGT Jn ASCENDING _..__
10RVEK,")
e IBU_LASOFE=OFFSET (NPD)
C MARE WEGATIVE UFFSET DISTANCES PUSITIVE FOR THE NPD hARTHWORK CARD
ook UFFSETA(NPL)S]IASS(OFFSEI(NPDYY e
C IF TH1S 1S 61H PUINT OF LAST PUINT PUNCH NPD EARTHAORK CARD., OTHERwaE
e e IRANSFER TO_ PLUY ROUTINE
IF (NPD.NE.6.,AND.NJNE.NPTS) GO TU 800
e C CALCULATE CARD SLOUENCE NUMBER
NCARUSN/b,U+.9
_C PUNCH nPY CAKD

c FIXUP FOrR OUVERPUNCHING MINUSES,DICKINSON, 31AUG78
C

b0 788 L=1,NPD
_IELEV(L)=EI EV(1) /10, 040,01

IOVERE(L)=1ABS(ELEV(L) )=1ABS(TELEV(L))*x10+0,01
IOVERE (L)=JOVERE (L )41

IF(ELEV(L) .Gk.U) GUTO 782

IELFV(i)s=tELEV(])

IOVERE(L)=IOVERE(L)+10
782  JOVERE(LI=10OVERD(JOVERE (1))

L —_—
C NOw FIXUP OFFSET(DISTANCE)

I0FF (L)=UFFSET(L)/10,0+0.01




e JOVEXO (L) =] ALSCOFFSET (L)) =IABS(IOFF(1L))1%10 +0.01

IOVERO(L)SIOVERO(L) +1
e IR (OFFSET(L)LGEL0) GOTO 788

JUVERO(L)=IUVERO(L)+10

e AVEF L) == TVEF (L) e e

788 IOVERO(L)=10VERD(IOVERL(L))
L

89

C NOw PUNCH OUT WPV EN CARD
c

WRITE (KPUNEW,790) JUB,KTYPE,ID(1),1D0S(1),NCARD,

e 1(IEL PV LK), IUVERE(K) ( TUFF (K], TOVERO(K) G KR 4 NPD) oo

790 FORMAT(AS,21,14,12,%'000000',12,12(14,A1))
Le

Cc WkiTte lKPUNEW'790) JprKTYPE'ID(l)'IDS(I)'NCARU'
C 1 LELEV(K),UFFSET(K) K=l ,nPD)

C 790 FUKMAT(AS,11,14,12,%'000000',12,1215)
e BOU_FPN2ZE

CALL RUTKAW(XG,YG,XPLOT,YPLOT,1)

cmee—L_ PLUT ONLY SMALL DOT IF THIS POINT 1S . TOO CLOSF T0 THE LAST. . ..

IF (N.,tG,.1) 6O TU b1V

e LHECKR® ABDI(LASOFP-OFFSEI(NPD))«1 ,2/NSCAL) . .
IF (CHECKR,LT,HSECT) CALL SYMoOL(XPLOT,YPLOT,,01,13, ANGXS,-lJ

o JF_1CHECK LT HSFCYI) GO YU B20 _
C PLOT ELEVATIUN POINT
e B10 CALL XYDEC(XPLOT,YPI Q1 HSECT FEN ANGEL 1)

C STURt LAST OFFSET DISTANCE PLOTIED WITH uvECIMAL
_ LASOFP=0FESET(NPD)

C PLUT STATIUN Oiv LAST PUINT
e BR2U_1F (14,1 T.NPTS) 6O YO 830 e e
CALL SYMBOL(999,,999.,410,' ',ANGXS,1)
. FPinzID(1)

CALL NUMBEKR(Y99,,999,,.10,FPN,ANGXS,=1)

e CAL)L _SYMBOL(9 %&ML‘_LJMM_»._._._ e

FPN=1DS (1)
e CALL NUMBEK(9994,9994, 41U, FPN, ANGXS,=1) .
C ENL UF PUINT PxkOLESSING FOx THIS Xx=SECTI1UN,
e o83y CONTINUE

C WR1ITE SEARCH RECURD INFORMATION
e CALL SEAKCALNSR)
wR1TE (KOUT,840) NPTS,IDC(1),1DS(1)

.________ﬁ_Q_EQRMAIiLL_.5hx;1}4__£LEMAIIDLLEDIBIE_BAME_BEENWELDJIED FOR X=SECT1

1UN ', 14,'+',12/7 SS5Xx,60('="))
ARITE (KOUT,670) NSR

C WRITE PEN NUMBER
- mRITE(ROUT,S595)_NPEIN

C RETUKN TU END=UF=TASK ROUTINE,
— b0 _TU 330

Crermencrccrorncorcnnrmcncncncnnvrcnrencnrarenoerrrreerraenseen

C 1ASK NUKBERS 4 AND 5 = BOUNDED ARFAS & I InEAL FRATURFS .

(roecccranrccrrccrrccrrccrrcrrecarrcenrnscerarerercaanacseree
cee L WR)ITE VASK TITLE, mOOEL NUMBER, & AREA ID
850U IF (KURTAS,EW.4) WRITE (KOUT,860)
86y _FORMAT(//7/// 55X, 'pOUNDEU AREA'/55r,12("'%"'))
IF (KURTAS.EQ.S) WKITE (XOUT,870)
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87U _FtURMAY (/7777 SSx, "LINEAL FEATURE'/55X,14('x'))
AaR1ITE (KOUT,360) KURMUD
wkiTt (KOUT,880) IL(1),KST(1) e e -
vby FURMAT (55X, fJUENTIFICATION NUMBER ',14/55x,'SUB=TASK NUMBEKR *
1,11)
C nR1TE LULUMN HEADINGS
LoNRLTE (KOUT,500)
wh1TE (KOUUT,890)
.89y FORMAT('+', 85X, 'PLOT SYMbOL',2X,'DISTANCE(HUKIZ)'y2X, .. . _ . _
1 'UDISTANLE(SLOPE) ")
_wR]TE _(KUUT,520)
wRITE (KOUT,900)

L2900 FORMAT ("' 89X, 11 (=), 2(2X,15('='1])

C INITIALLIZE HURIZUNTAL & SLUPE DISTANCE ACCUMULATURS
DHUR=0,0v
USLUPE=0,DU

C_INITJAL)ZE _AREA VARJABLES AND AVERAGE PIOT COURD VAWKIABLES
UPREV=U,DO

e DMDEU LD
UArkEASL L0

.. _.__APLUIM=O,
YPLLTM=O,

C COyVERY _MOUEL COORDS OF FIxST POINT TO GRID COORDS,
CALL CUNVEw(XMUD(1),YMUDLY),ZM0OD(1),X61,Y61,261)

C_NEw _SEARLH_RECURD
CALL PLOT(Ues04,s=3)

C StT MOUEL COUKRDS _OF NPTS+1 EQUAL 10 FIRST POINT
XMUD (NPTS+1)=XxMOL (1)

S YMOLNPTS+1)=YmMOD (1)
ZMUD (NPTS+1)=Zm0OD (1)
L. FOn_EACH SEGMENT, CALCUlATE AREA, HORIZ, AND S{OPF DIST, PRINT CUURDSS

C CALCULATE MEAN PLOT COORDS FOR CENTERING ID NUMBER,

.. PO 950 __N=1,NPIS

C PRINT MUDEL & GRID COOKDS & PLUT SYMJOL OF FIRST POINT OF 1HIS SEGMENT

e o RITE (KOUT,910) N, XMOD(N), YMUD(N),ZMOD(N) ,XG1,YL1,261,IDS(N),

1 DHOR,DSLOPE
o910 FORMAT (AN, 112, 3(2X, 173 ,2X,F12,2,2(2X,F13,23,2x,111,2¢(2x,F14,2)) ..
C CUnVeERT 2hD POINT uF THIS SEGMENT 10 6rRID COURULS,
. CALL _CUNVER(XMUD(N+1) , YMUD(N+1),ZMOD(N+1),XG2,Y¥62,2G2) . .
C CALCULATEL DML ACKEAGE FOR THIS SEGMENT
e LATSYG2=Y01
VEP=X562=-XG1
DMUMD eDEP+DPREY
VDAKEASDARKEA+OMORL AT
_UPREV=DEP .
C F]LL PLOT ARRAY WITH PLOT COUORDS OF FIRSY POIN1 OF THIS bEbMtNI
. CALL ROTRAN{XGY,YGI,XARKAY(N),YARRAY{N),Y) .
C UPLDATE SUM OF mEAN PLOT CUORDS.

XP{OIM=XPL DTN+ XARNAY (N
YPLOIMSYPLUTM+YARRAY(N)
L. PLOT ELFVATTION OF FIwST POINT IF PLOT CODER2U
92u 1F (IDS(N) ,NEL20) 60 TO 930
R FPNZLGY
CALL XYDEC(XARRAY(N),YARKRAY(N) ,HBND,FPN,0,,1)
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C ACCUMULAIE HURIZUNTAL & SLOPE DISTANCF, SKIP Jf [ AST SEGMENT R _TJASK=S ..
930 IF (KURTASEU.5.,ANVUN,EQ.,NPTS) 6O TU 940
e CALL AZINVAYG1,XG1,YG2,X62,DAZM,DIEMEY
DHUR=0R0OR+D TEMP
LALL AZInV(Z2b1,0,00,262,DTEMP,DAZM,DFP) .
USLUPE=DSLUPL+DEP
C KEPLACE FI1XSI_GEID POILT wITh SECOND FUKR THE NEXT SEGMENT e
94y £61=XGe
— ---YG12YG2 o
2612262
C RETUKN FUR _IHE NEX] SEGMENT
950 CUWTINUE
L 1F . _JASKSJd-ADD FIRST POINT IO L AST ELEMENT OF PLOT ARKAY FOR CLOSURE, .
1IF (KURTAS,EW.8) NPTS=NPTS+!
oo S IF (RURTAS Fiw 4) CALL ROTRAN(XG2,Y62,XARRAY(NPIS),YARRAY(NPTS), 1)
C INITEALIZE NPTS+1 & NPTS+2 ELEMENTS OF PLOI ARKAY AS REQUIKED pY FLINE
L XARRAY(NPIS+1)50,0
YAKKRAY (NPTS+1)=0,0
. . XArRRAY(NPIS$2)=1.0 — ..
YARKAY (NPTS+2)=1,0 )
L SEl=uP OPTIGNS FUR 'FLINE' PLOT SUBRUUTINE,
NFLNENPTS
. C .3MUuUTH CURVE
IF (KST(1).Ew,1) NFLNS=NPTS
e dF (KSTL1) FU4) NFINS=NPTIS o
€ w0 CUNNECTING LINES
_______ _LIndyprP=1
IF (RST(1)EWwe2eAND.(IDS(1).,£Q.20,UK,IDS(1).EB.21)) 60 TU 955
AP (RSTL1) JEW S ANDL(IDS(1) kR, P20 UR JDS(1) ,kR,21)) 6O _TO 955,
IF (ARST(1).,EWwe2) LINTYP==1
e JF  (RSTAY) F1.S) LINTIYPS=)
C nwl SYMbULS
oL AF (IDS[1)  EN.21.0R.IDS(1) . Fiv,P20) LINTYP=O
C PLUT BUUNDARY UR LINEAL FEATURE
.« NSYMZ1DS (1)
* CALL FLINE(XARRAY,YAKKRAY,NFLN,1,LINTYP,NSYM)
C CHECK FUK .DHADING xOUTINE SHADF IF REQUESTED
955 LF(RST(1) LT, 3,0R,KST(1),6T,5) GU T0 Yoo
XARAYZ2(3)3U,Lu
XAxAY2(4)=1,0
e YARAY2(3)=Uu,0
YARAY2(4)=]1,v
S XAKAY2 (1)SXAKRAY (1)
XAkAY2(2)=XAKRAY (1)
. YARAY2(1)=YAKRRAY(1)
YARAY2(2)=YARRAY (1)
CALL SHADE(XARRAY,YARRAY,XARAY2,YARAY2, ,05,45.0,NPTS,1,2,1).
C ANNOVATE EnD OF LINEAL FEATUKE Un BOUNDED AREA,
C . OKIP_IF ZERUES INPUT FUR MAIN 1,0,

960 IF (10(1).EQ.0) 60 TO 980
FPin=1D(1) -

T 970 CALL NUMBER(XARRAY(NPTS), YARRAY (NPTS),HBNDL FPN,Vwr=1)

~C PRINT TOTAL HORIZONTAL & SLOPE DISTANCE,

98u wKRITE (KUUT,990) DHOR,DSLOPE
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99y FORMAT(// 1X,'TOTAL HORIZONTAL DISTANCE = ',F14,2 I
1 / 1X,'TOTAL SLOPE DISIANCE = ',Fl14,2)
C IF Tasn = BOUNDEU AREAS CALC, ACREAGE. & PRINT

IF (KUKTAS.EW.9) GU TO lu2v
UAREASDABS (DAREA) /2,0D0 .
OACKE=DAREA/43560,0D0
WRITE (KOUT,1000) DAREA
1000 FORMAT(1X,'6GrID ARcA = ',F14,1,' SQUARE FEET")
R WRITE (KOUUT,1010) DACRE L .
101¢ FORMAT(1X,'GRID ACKEAGE = ',Fl4,.0)
o o C_WRITE SEARCH RELCuRD_ INFO,
1020 CALL SEAKCH(ASK)
e 1F (KUKTAS.Ew.4) wWrIIE (KOUT,1030) T0(1),KURMOD ——— e
1030 FOKMAT(// 55k, "BOUNDED AREA NUMBER ',14,' HAS BEEN PLOTTED FUK MOD

o 1EL _NUMDER. ',15 /55X.64('='))
1F (KUKTAS.EW.5) wrITE (KOUT,1040) ID(1),KURMOD

_______LQAQ_EDKMAlill_éiA;LLlﬂEAL_EEAluRE_ﬂuﬂB£B~l+lA¢L_dA§_ﬁE£N_ELDTJED FUR M.

1UDEL NUMBEK ',15/55X,66('="))
e aRITE (KUUT,670) NSK
C nwKITE PEN NUMBER
e - NRIVE (KOUT,595) NPEN
C RETURIN TU END UF TASK SECTION
e 2 _TU 330
C ENUL OF PKUbkAM

C CLUSE rLUT FlLES
_ 1050 CALL PLOT(V.,0.,999) I
C WRITE MESSAGE
e . KBITE _(KUUT,1000) -

106U FORMAT(///55X,'enD GF PRUGKRAM'/5S5X,14('+'))

e AF (KENDTL.EQL0) wRITE (KOUIL1070) KHRMUD S

1070 FORMAT( 1X,'PRUGKRAM ENDED YKRYING TU KEAD ANWOTHER SET OF CONTROL CA

e — - 1KDO, #HICH COULD HaVE BEEN OMITTED ') . .
C PUNCH UDIGITIZED DATA CARUS IF 'CARD' OPTION IS SPECIFItD

e 1F _(KARD.NELKC) GO TO 1090 .
REwWIND KDISC

e 10Bu READP (KDISL,40,ENDS1090) DIGREC
WRITE (KPUNCH,40) DIGREC

—— B0 T0 1080
1090 CALL EXIT

S10P
ENv
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. SUBKUYTINE CuNh3D
IMFLICLIT REAL*8(A=N,0=-2)
COMMUN/ZCCON3U/XMOD(1500) , YMOD(1500) ,ZMOD(1500) , XGRID(20),YGKID(20)
1eZorkID(2V) eMi3p3) ) SCAL,TX,TY, T2Z,0MEGA,FH1,KAPPA, NPT, NUMIT,NCUDE,
- 2 NEQsNX,InY NZ KREP
COmMMUN/CNURUP/70BS(5),A(4,5),X(4),KDIV
"BIVEH<M0UEL_LDURu5i1Mﬂu+1MDD41MﬂuJ_AuD_£URRESEDNDlmG_BHID_LDDRUS(XGRID
sYORID,Z6RID) AND NUMBER OF POINTS(NPT), PERFORMS A LEAST SQUARES
S0LUVIuN FUR THE 3=DIMENSIONAY CONFORMAL TRANSFORMATION PARAMEIERS .
10 CONVERT MUDEL COORDS 10 GKID COURDINATES, KETURNS THE TRANS-
FURMATLION MAIRIX _'M(3,3)',SCALF FACTOUR 'SCAL', TRANSLAIION PAKAMEIERS ..
YIx,1Y,T2', AND THE RUTATIUN ANGLES 'UMEGA, PHI,& XKAPPA' IN KADIANS,
REFERENCE 'FIEMENTS OF PHUTUGRAMMETIRY® BY PAJI R, a0l F, PAGE S29, .
SUpKUUTINES USED *'CONVER', "NORSOL', 'AZINV','UPDATE?
Ll1orRAKY FUNCTIIONS 'DSIn',*DCGS! e
"HuMIT* 1S THE NUMBER OF ITERATIONS REQUIRED FUR SOLUTION,
ARILIEN BY FrANK GORSHE, PORTLAND DISTRICT PHOTOGRAMMETR. . SECTIUN, AS
PAxT OF PHOTUGKRAMMETRIC DIGITIZING SYSTEM, JuLY 1975,
'NCULE ' JELLS wHAY HAPPENED, ONORMAL SOLUTIUN 3ISUNILUE SOL.-23N0T -
LiibUsH VALUES FOR S0L, 3=LIMIT OF ITERATIONS KEACHED, NO CUNVERGENCE
4=pIyISIunN bY ZFrO wHbi SOLVING NOKRMAL FQUATIONS
DIMLSION X6 (2U),Y6(20),2G6(20)
_ INEEGER_XMUD,YMUD,ZMUD
REAL®8 M,KAPPA,DUM
m“_ujnlﬁng_jyxigp),[mx(ag],ZM;(EQ), XMY (20) , YMY(20),7ZMY (2U),
XMZ(20) ,YMZ(20),2MZ(20)
£ UEFINt FUnCIIUnwS _FUR DOUBLE PRECISION YRIG I CASE, SINGLE PRECISION_
C 1S LATEK USED AND FOR SIMPLICITY OF CODING,
sIw(vumM)zosin(VumM)
LUS(LUM)SDLOS (LUM)
L VErINE M1SL . VAKIABLES
wllvlIT=1
S LImIT=10
LHECK=1,.U~0
_NCOLE=Y __
hWhlzv
e . NY1SV
NZ1=0
_ wEusu
C SKIP IF THIS Io> NOT THE FIRST ENTRAWCE FORTHIS MODEL
e o AF(RREP,EW.1) 60 10 30
"C INITIALIZE VALUES OF TwANSLATIUN PARAMETERS,OMEGA,8PHI
— L | 3 O %=1V YV
PHI=V v
KAFPPAZU,Q _
Tx=0.v
TY=0,.0
TZ=v .V
C UFFINE_APPRUXIMATE SCALE FACTOKk I CASE BETTER APPROXIMATE ONE _CANNQT ___ .
C oE LATEX COUMPUTED
. oCAL=,10 e
C SOLVE FOr INITIAL VALUE OF KAPPA,
C FIND 2 PUIn1S wITH X&Y GrID COURDS o
NUMI=0

Do n nlﬁCﬁr)r boroobch
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NUMe=u

DO 10U nN=1,NPT
o IF(XBRID(I) 4EU,0,D0,0R.YGRID(N)EQ,0,Du) GU_TO_1u _
1IF (NUWMY NELU) NUMeSw
e 1F _(wUr2 NELv) Gu 10 2¢ e
NUM1SN
10_CONTINUE

C SULVE FOr APPRUXIMATE KAPPA, SKIP IF 2 HORIZONTAL POINIS NOT FOUND
I 2u 1F (nuMR,Ew,0) GO 10 30 T,
XTEMI=XMUD (NUML)
e YTeMIZYMUD(NUML) e
xTemesxmuD (NyMe)
YIENMZEYMUD ENUMZ)
CALL AZInNV(YTEM1,XTEM1,YTEM2,XTEME,AZMUD,DMOL)
e CALL AZINV(YLRID(NUM1) ,XGRID(NUMI),YLRID (NuUMZ),XGRID(NUM2),
1 AZGRID,ULGKRID)
NAPPASAZMOD=AZLRID

C CUMPUTE APPRUXIMATE SCALE FACTUR,
SCAL=DOGRIL/DMOLD e

C LUOK FOK UBSERVEU VALUES OF XGRID,YGRID,&ZGr1U, SUBIRACT FROM FIRST

.. -—L__VALUE FuUnD Fuk EACH UF THE 3 GROUPS 10 FIIMINATE TRANSLAIION _ __
C PARAMETERS, THESE SUBTRACTEU VALUES WILL 8E USED TO FURM THE CONDIT=-

._L__Jy__iyUAIJQ&§ _SEE PAGE 535 OF REFERENCE FUR DETAJLED EXPLAINATION,

.*______L_Eldﬂ_lﬂi_fllj~"lﬂMBEhﬁ_EQE_1hE_ElRhl_NﬂN_ZLKD_MALMEILJULJbJJJ_lGﬁlﬂ.__,n.

30 DO 4y WN=1,wPT

e IF (XGRID(N) oNELV.DO,AND NX1. EWa0) NX§=N

1F (YGRID(w) oNEJUDUANDGNYT EWe0) NYI=N
e JF_ _(LGRIV(n) oNE 2V D0 AND NZY FLL0) NZYISN —
4uv CONTINUE
L CHECK FOR U VALUES OR VALUESNPT, RETURN WITH PRUPER CODE 1F Sy,

IF (NX1,EQG.U.OR.NY1,EG.0,0R,NZ1.EW,0) NCODE=e

e AP (X1 EG.NPI L ORANY1 EQ NPT O iNZYEQNPT) NCODE=2 .

IF (NCUDE.tG.2) 6U TU 20v 2. ...

oL SOLVE FOR _WUMBER OF *X'CONDITIONS(NX) AND THF SUBTRACIED COORDINATES,
NXz=G
e NS TAKTIZX1 21

VO 50 N=NSTART, NPT

e IF  (XGRIDIN) GEWL.D.D0) GO TO S0 [
NXSNX+]
XEINXI=SXGRID(NX1)exORID(N)

XMX (WX)=XMUD (NX1)=xMOD (N)
_YMXINX)=YMUD(NX1)=YMOD (¥}

ZMX (NX)ZZMUD (NX1) =ZMUD (N) )
SO _COLTINUE e -
C SOLVE FOR THE'Y'SUBIWKACTED CONDITIONS.
NY=sU

NSTARTENY1+1 oo
DO 60U N=NSTART, NPT

IF (YGRIV(N).EQ.v.u0) 60 TUu 60
NYShY+l

YG (NY)SYGRID(NY1)=YGrIv(N) S

XMY (NY)=xMUD(NY1)=XMOD (iN) N V
YMY (NY)=YMUD (NY1)=YMOD(N)




ZMY (WY)=ZMOD (NYS) - ZMODJN)

6v COnTINUE
e £ SOLVE FOK_THE'Z' SUBTRACTED CONDITIONS,
NEZ=U
_NSTART=ENZ1+]

VU 70 N=WSTART,NPT
1IF (Z26rID () F1.0,D0) GO IN 70

NZSNZ+1
——— LZGANZY)SZGRIDINZI)=Z2BRID (v)

XMZ (NZ)=XMUD (N21)=XMUD(N)
e YMZ (NZ) SYMUD (NZ1) = ¥YMOD (N)

ZML(NZ)SLMUD(NZ1)=2ZMOD (N)
———— T4 CUNTINUE

C CHECK FOR ADEUUATE NUMbER OF CONUITIUNS FOR SOLUTION,

IF (X1l T,1) NCODE=P

RETURN IF NOT.

IF (nY,LT,1) NCODE=2
1F (87,11 ,2) NCODES2
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1F (NCUDE.EQ,2) 60 Tu 200

wrrmmmee L CALCULATE NUmHer OF CONDITION EQUATIONS, SHOULD BE 4 0R _MORE.. .

C CHECh FOr unIDuk SULUTL1ON,
NEJENX+NY+yZ

StT CUDE IF S0 ANU CONTINUE,

1F (NEU.EQ.d4) NCUDE=1

— L _USING_CUXREN] VALUES Of OMEGA,PHI,XKAPPA, FOKM ROTATION MATRIX _M(3,3)

C USING EWUATIONS UN PAGE 533 UF REFERENCE,
BO rm(1,1)=COS{PRIIACOS(KAPPA)

M(1,2)=SIN(UMEGA) *3IW(PHI)*COUS (KAPPA)+LUS(OMEGA) *SIN(KAPPA)

— M(1,3)5=COS(UMEBA)RSIN(PHI)IXCOS(KAPPA)«SIN(OMEGA)YXSINIKAPPA) . ___.
M(2,1)==CUS(PHI)*SLIN(KAPPA)
e M(2,2) 5o S IN(UMELGAYIASIN(PHI) o IN(KAPPA)+LCOS(OMEGA)*COS(RAPFA)

M(805J=CU5(OMEGA)*SIN(PHI)tSlN(KAPPA)*SIN(UMEGA)téUS(KAPPA) —

— Mm{3,1)=SIhN(PH])

M(5,2)==STW(UMEGA)*COS(PHIT)
- #M(3.3)3COSIUMEGA)*COS(PHI)

C INITIALIZE NUReAL EQUATION MATRIX

YA' TU ZEKOES,
e U 1U0 _N=1,5

00 9v Kk=1,4
cemeee U _A(Kan)F0LDY

10v CONTINUE
I F

C FORM OBSEKVATIGN EWUATIONS & UPDATE NURMAL EWUATIONS FOR X,Y,82 GROUPS

_m__n.___ﬁ_;Quﬁllﬂﬂ§_jﬁE~£BDM_EAﬁh_bﬂl_QE_REELREH_t

C FORM FOR X=GROUP

DO 110 N=1,nX

e OBS (12 EM (1, 1) A XM () M (2, 1) R YMX (NI #M (B, 1) #ZMRAN)

UBs(2)=0,v

1 CUS(PHI)*ZMX (I¥) ) »SCAL

UBS(4)=(M(2, 1) aXMX(N)=M(1, 1) *YMX(NI)*SCAL

VBSOS (3)=((=SIn(PH])*COS(KAPPA)) #XMX (N)+SIN(PHI) #SIN(KAPPA) #YMX (N)+

C FORM CUNSTANT(PAGE S36(B=32))

UBS (S)SXTEMP=XK (N)
C UPDATE NURMAL EQUATIONS

CALL_CONVER(XMX(N), YMX(N), ZMX () , XTEMP, YTEMP, ZTEMP)

CALL UPDATE
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110 COnTINUE

C
C FORM_Y=GrROUP
DO 120 N=1,NY
UBS(1)SM(1,2)*XMY (i) +M(2,2) *YMY (NI +M(3,2)&ZMY (N)
UbS(2)=(=M(1,3)xXMY(N)=M(2,3)xYMY(N)=M(3, 3)*ZMY(N))tsCAL
ubo(3)=(SIn(UMEGAYI*COS(PHI)*COS(KAPPA) xXMY (N)=SIN(OMEGA)2CUS (PHI)x
1 SIN(KAPPA)*YMY(N)+SIN(OMEGA) *SIN(PHI)%ZMY (N))«SCAL
uBS(d4)=(M(2,2) % XMY(N)=M(1,2)*YMY(N))=SCAL
C FORM CUNSTAM
- CALL CUNVER(XMY(N), YMY(N)},ZMY(N) ,XTEMP, YTEMP,ZTEMP)
0B (S)=YTEMP=YG(N)
C UPDATE NURMAL €£0QS,

CALL UPUATE
120 CONTINUE
c
€ FORM Z=GKOUP
LO 130 N=1,NZ
UbS(1)=MI1, 3 XM IN)I M2, 3)kYMZ (NI M(B,BI&ZNZ(N) ——
OB3(2)=(M(1,2) *XMZ(N)+M(2,2)*YMZ (N)+M(3,2) *ZMZ (N)) xSCAL
e OBO(3)=(=CUS(OMEGA) *COS(PHI) *CUS(KAPPA) #XMZ (W) +CUS(OMEGA) *LOS(PH])
1 *SIN(RAPPA)*YM2(N)=COS(UMEGA)xSIN(PHI)*2MZ (N)) «xSCAL
e UBS{U)S(M(R,3)AXMZ (NI M1, 3)*YMZ (N} I *SCAL
C FORM CUNSTANT

o CALL CONVERCXMZ(NI, YMZ(N) ZMZ(N),XTEMP,YTFMP,Z1FMP)

OBS (S)=ZTEMP=Z06 (W)
e~ L _UPDATE NURmAL EQS.
CALL UPDATE
- 13y CONTINUE

C CUKRRENT VALUES OF THE PARAMETEKS, IF CURRECTIONS ARE STILL
L OF SIunIFICANT S172E, CURRELCY PARAMETEKRD ANyY KETUKRN FOR_ANOIHER
C ITERATION
PR !
C SOLVE NORMAL EWUATIONS
LALL NURSOL
C CHECK FOr DIVISIUN BY ZEKOQ
e IF _(kD1V.tuwal) NCODE=4
1F (XDIV.,Eu,1) GU TO 200
e L CHECK SIZF OF CORRECTIONS
DO 140 N=1,4
IF (DARS(XINIY.GI.CHECK) 60U 10 150
140 COnNTINUE
£0_TJL 160
C CHECAK FOr REACHING LIMIT OF ITERATIONS,
e 150 IF (NUMITL.GELLIMIT) NCODE=3
IF (NUMIT,6E.LIMIT) GO TU 160
C CORKEC] ELERS RETURN EQ IHER ITERATLC

SCAL=SCAL+x (1)

. UMEGASOMEGA+X(2)
PHI=PHI+Xx (3)
KAPPASKAPPA+X (4)
NUMIT=NUMIT+1
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60 _T0 80 R

CONVERGENCE HAS UCCURRED, COMPUTE TRANSLATION PARAMETERS . _ . _ . .

USINL dUBSTITUTIUN AiD AVERAGING,

oo

CALCULATE 'X' TRANSLATIOwN
160 SUMI=0
DO 170 N=1,NPT
IF_ (XORID(N) Fu 0, 00) 30 T0 170 R
CALL CONVER (XMOUD(N),YMOD(N),ZMOD(N) ,XTEMP, YTEMP,ZTEMP)
......... e TRANSXLRID(N)}=XTEMP e e
SUMT=SUMT+TRAN
170 _CONTINUE
1TX=SUMT/ (NXx+1)
e e L _COMPUITE 'Y' TRANSLATION e
SumT=v,

DO 180 H=1,NPT -

1IF (YGRIVD (W) ., EQ.V.D0) GO TO 18¢
rmimemm mee e DAL L. CUNVER (XMOD(NY G YMUD (NI o ZMOD (N G XTEMP,YTFMPL2TEMP)
TRANSYGRID(N)=YTEMK
e SUMT=SUMI +1KAN
180 CONTINUE

e TYESUMIL(NY 1) —
C CUMPUTE 'Z' TRANSLATION
SUMTSUL0

VDO 190 N=1,WPT

IF (ZLRID(N).EW.0.D0) GO TO 190 e -

CALL CUNVER(XMUD(N),YMUD(N),2ZMUD(N) ,XTEMP, YTEMP,ZTEMP)

ce e TRANSZORID(N)I=ZTEMP e
SUMTSSUMI+TRAN

190 CONTINUE

TZ=SUMT/ (NZ+1)
R e e
C EnND OF SUBROUTINE
c - -
200 KETUKN
END. .
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— SUBhOUTINE NORSUL

IMPLICIT REAL*8(A=M,0=2)

e € _USING_GAUSS=DOOLITILE METHUD SOLVES NORMAL EWUATIONS *A(4,5) ' _FOR

C UNKNUWNS 'X(4)',

DIVISION bY ZEKU RETURNS ERROn CODE

‘kDIv=1"

o C KEFEKEWCE = PALE 73 OF *4 FAST SQuARFS 1N GEODESY & PHOTOGKAMMEIRY!

C vY HIRVONEN,
COMMUN/CNORUP /
VDIMEWSIOUN T(4,5),k(4,5)
KDIv=0

€ FOkM
L0 1u_Jsi,s

REDUCED & END EQUATIONS('R'&'T') FOR 187 ROw,

k(1,d)=A(1,J)

IF (x(1,3) Ew . 0,.00) G0 T0 KO
v T(1,d)==R(1,J)/R(1,1)
e L DO _THE _SAME_FOR _THE REMAINING RONS, -

v0 Su I=¢2,4
DO 30 _J=1,5

C FORM SuUM OF 'TXR'!
SUMsULU

L LAST=]=-1
DU 20 nN=1,LA8T

2u SUMSSUM+T (N, 1)*R(N,J)
oL DEFINE 'K* TEKMS _FUR TH1S wOw

30 k(I,Jd)=A(1,J)+S5UmM
C DEFINE "1°' JTrkinS FUR THIS ROwW

1IF (R(I1,1).Eu.0.00) 60 TuU
e DO .4y _NCOI=1,5

EIRST MAKE DIVISION CHECK . . . .

80

40 T(i,NCUL)==R(I,NCOL)/R(I,]1)

— e D0 _LOWT1NUE

C SULVE FOrR URNKWUWANS USING BACK SOLUTIunk,

________ ——— X (4)}=T14,9)

DU 7u N=1,3
e ISde=N

SUmMsv U
— . JAsXey

Lo 6v J=J1,4
oy _SUM=SUMT (I1,J)aX[J)

X(1)=T(1,5)+5uUm
- JY_CONTINUE _ .

L0 TO 90U
C SEY DIVISION BY ZEXKO CODF .,

60 KDIv=1
9y _KEIURN

ENVD




SUBRUUTIWNE UPDATE .
C GIVEN TEKMS UF ObSERVATIUON EWUATIUN(INCLUDING CONSTANT) '08S(5)"
i _C UPDATES_WUKMAL EMUATIONS MATRIX 'A(4,5)" U
COMMUN/CNORUP/UBS(S) ,A(4,5) X (4),KDIV
e HEAL 48 _0BS,ALX e
C UPDATE PARAMETER PURTIUN OF NOKMAL EUS, A(1,1) THRU A(4,48)
DO 20 N=1,4

99

L0 1y K=1,4
10 A(N,K)=A(N,K)SUBS(N)XOBS(K)

2v CONTINUE
e C_UPLATE CONSTANT PORYTION OF NURMAL EQS, A(1,S) THRU A(4,5) .

Do 3v N=3,4
30 A{(N,S)=A(N,S)SUBSINIXOBS(S)

RETURN

£ ND




_ SUsRUUTINE CUNVER(XM
COWVERTS FROM MODEL COURDINATES TO GRIO COORDS USING 3- DIMENSIUNAL
CONFURMAL _ 3F ORMA N FPARAM RS'M(3,3),SCALE,TXx,1Y,72"' .
LJHMUN/CCONSU/XMOD(IBOO),YMOD(1500).ZMUD(1500),XGRID(EV) YGRID(20)

o 1,20k1DL20) 4M(3,3),SCAL L TR, )Y, T2, UMEGA,PHI,KAPPA, NPT, NUMIT,NCODE,

2 NEQ,NX,NY,NZ,KREP
INIEGER XM, YM, ZM, XMOD, YMOD, 72M0D e
kEIAL*B X69YG,2G, XGRIUV,YGRIV,26KID,M,5CAL,TXx,TY,T2Z, UME(:A PHl KAPPA
o XGZSCALX(M(1,1)aXMeM(2,1)RYM+M(3,1)27MI+TX U
YSSSCALX(M(1,2)%XM+M(2,2) xYMeM(3,2) 2ZM)+TY
AGESLAL (M1, 3)xXMeM(2,3)aYMIM(3, ) e7M) T2
RETUKRN
e B ND e
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SUBRUOUTINE AZINV(NWi,E),N2,E2,AZM,D]ST) I
C GIVEiN 6r1D CUOKDINATES, RETURND CLOCK-NISE AZMUTH REFERENCED FRUM
oo C_NORTN _AND UISTANCE, ALL ARGUMENT PRECISION. _AZM_1IN RADJANS
KEAL %8 Nl.El.Ne,EE,AZM,DISI,LA1,DEP
. C CALCULATE DISTANCE. . e -
LAT=wn2eN1
U ] S 4 -2 28 | ¢ e o
DISTSDSUGRT(LATx2x2+DEPR%2)
- 1F _(DIST . E, 0. 00} GO JU 10 e
C CALCULATE AZMUTH FOR FIRST TwNU QUADRANTS
- AZMEUARCUS (LAT/DIST) R
C CHANGE A/M FUKk QUADRANTS WITH NEGATIVE DEPAKTUKES,

[ 1E (DFP 1 1. 0, DUIAZM=6 , PB318S308DU=AZM
60 Tu 30

_C WR1TF DIAGNOSTIC FOR DIST=0 - .
10 wKITE (6,2UV)
e 20U FOKMAT(//3uX, "#DIAGNOSTICs INVALID INVERSE, DISTANCF BFTWFFN COORD
1INATES EUWUALD ZEROU,')
e 30 _RETURN . R
END




O - QU

SUbRUUTINE MANPLT (NPT, NSCALE GRIDOR,NYITLE,METRIC) .

C MOVIFICATION OF
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. C PHUTOGRAMMETRIC MANUSCRIPY PROLRAM, PLOTS CONTKOL PUINTS AND GRID

C 11Cks AT SPECLIFIED OxIeNV1ATIUN, AUTHUR, FRANK GURSHE, POKILAND
,ﬁ_“.__L_DljjﬁJLI_LQBfS_ﬂf*LNh1ﬁEL3§4_£un1uhRAMM£lki_nE£llMAJ_JANUAR!_197S. .
COMMON/CCON3D/XUUM(1500) , YOUM(1S00),ZDUM(1500),ECORD(20),NCUKD (20)

1,ELEVI20),FILL (148)

CUMMUN/CRUTRIN/ XORIG, YORIG,ENSCAL, THETA
COMMONZCHAXMNZXMAX , YMAX p XMIN, YMIN

DIMENSION NTITLE (20)

REAL*8 LGRID

e L DFFIHE CUNSTANIS FUR PIOT CHARACTFKS

oo REAL%B NCORD,ECURU,XURTIG,YURIG,ENSCAL 4 XD, YD, AZM,DIST,TRETALELEY

RTICL=.06
e HIICE.S ——
nT1TLE=.10

e HCUNL =, 08 e

HCONS= .10V

el DEFINE 1/0 CUNSTANIS - -

nOUT=6

e L _DFFINE _MISC, COUNSTANIS

NMANZO
JUMEL 0 -

C VDEFINE PLOTTER LIMITS 1IN INCHES
xLIMs74.0

YLIM=S1,0

L DFFInE PLOT CHARACTERS FOR COUNIRUL POINTS

KVERT=1

o MHUK= 2 o

C DEFINE GRID TICK LENGTH
LORIDES . UDU

C KEVDEFINE FUR NUW=ENGINEERS SCALE

e AF (MUD(NSCALE,12) ok 0) 1 GRIDS6,ODY

C KEDEFIWE FUK 15 MINUTE GUAD SCALE

o IFANSCALELEV,62500) LGRIV=S,B4D0 0000000000000

C okbGIN PROGKRAM

..... L VEFINE INITIAL PAWAMETERS UF COUKD, JRANG.

10 XUrIG=vU.0

e YORTILEULY e

ENSCAL=NSCALE/12,000

THETAZ=6GrIDOR/DT7.29527951D0

C IF NEITHER CORNER wAS REFERENCED CALC. TRANS, PARAMETEKS,
CALL ExADMi

C FIND Max B MIN VALUES UF CONTRUOL PUINTS
O _2u _ NEY, KT
CALL RUTKAultCURD(N) NCORD(N) ,XTEST,YTEST, 1)
CALL MAXMIN(XTEST,YTEST)
20 CU~NTINUE

e C_CALCULAYE xmAl & YMAN, CHANGE SCALE IF TUOQ L AKGE.

XMANZXMAX=XMIN¢d, 0
YMANZYMAX=YMIN+4,0

IF (XMAN.LT.XLIM,AND,YMAN,LT,YLIM) GU 10 4u
NSLALEZWSCALE *2

WwRITE (KUUT,3U) NSCALE
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30 FURMAT(//7311X,"REQUESTED SCALE TOO G, NEw SCALE 1/',16)
60 Tu 10
C CALCULATE INANSLATIUN PAKAMETEKS,
U ALLU& FOr 2 INCH MARGIN WHEN SOLVING FUk PLOT URlGIN.
40 XMINEXMIN=2,0
YMmInsYMIN=Z2,u
e CALL _RUTRAN(XORIG,YORIG, XMIN, YMIN,P) - —
C AK1TE MESSAGE FUR PLUT DIMENSIONS
.5y XMANI=XMAN+S,0
WR1TE (KUUT,6V) XMANT, YMAN

oy FORMAT(///30X, "MANUSCRIPT DIMENSIONS  XPLOYIER . =_',F4,1,' _INCHE
15 YPLOTTER = ',F4,1,"' INCHES'/730X,75('="))

LU REUKIGIN AND _WRITE OUT PLOT INFORMATION
CALL NADRAW(XMANT, YMAN)
C PLUT GRID. 1ICKS.
Tu CALL GRDTIC(U4y040XMAN, YMAN, bRIDUK,LGRID,HIIC,1)
. CALL _SEARCH(NSK) e
wRITE (KUUT,80)
By FORMATL/£53X,  0RID TICKS HAVE BFFN PLOTTED'/S3X,28('=%)) . .
ARITE (KUUT,90) WSh
e U _FOKMAT (95X, "SEARCH RECORD NUMBFR',14) .
C LADEL PewxIMETER OF MANUSCRIPT wITH GRID TICKS,
A_CALL. PL0L10-10.1'3)
wlvTHZLGRIVL
LEALL GRDIIC (UL p O WINTH, YMAN,GRIDOR,! GRIDL,HTICL o2}
CALL GRDTIC(WIDTH, V., XMAN=xWIUTH, NIDTH,6RIDOK,LGRID,HTICL,2)
.. CALL GKDIIC(XMANewlDIH, 0., WILTH, YMAN,GRIVDOK,LGRIV, HTI1CL,2). .
CALL GRUTIC(WIUTH, YMAN=WIDTH, XMAN=2xnwILTH,nIDTH, GRIDOn,LuRID HTICL
1,2) _ e e -
CALL SEAKCH({WSR)
e o wmRIYE _(KUUT,300)
100 FURMAT(/7/753X,'6RID TICKS HAVE BEEN LABELED'/53Xx,28('='))
ARITE (KOUT,90) NSk e
C PLUT CunTRUL PUINTS, OmIT IF NOT WITHIN PLOT RANGE,
CCALL PLOYT (U e Uay=3)
DO 12U N=1,WNPT
oo LALL BUTKRAN(ECURD () ,NCORD () . xPLOY,YPLOT,1Y e
C VEFINE PLOT COUE DEPENDING OUN TYPE OF CONTROL POINY UR VALUE OF NSYM
110 KPSKHOK
IF (ELEV(W)  NEL.0,DU) KP=KVERI
C PLUT _JTHE _CONIRUL POINT
CALL SYMBOL(XPLOT,YPLOT,HCUN,KP,Ue,=1)
LCIF _SYroOL 18 U, 1,0K2 REPLOT wIJH ¢ SYMROIL YO BREJTFR DFFINE CENTFR, . .
Hes ,4xHCUN
e o AF (RPLLE .2 0R.KP.EG.S) CALL SYMBOIL (XPLOT,YPLOT,H2,3,0.,=1).
C PLUT CONTROL POINT SEQUENCE NO.
e CALL _SYMBOL(999,,999., HCUNL,'CP '  ,0,,3) —_— —
FPiu=in
CALL NUMBER(999,,999, ,HCOUNI ,FPN, o, ,=1)

12v COw1INUE
L WRIJE_MESSAGE
LALL SEAKCH{NSR)
e WRITE (KUUT ,130) S
130 FORKAT(/753X,'CONTROL POINTS MAVE BEEN PLOTTED'/S3X, 32('-'))
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WRITE (KOUT,90) Sk e
C PLUT TITLE,
i CALL PLOT(Us20ar=3) e
XPLOT=XMAN+ S
e e o YPLOTS 3,2 TIILE ) e
CALL SYMBOL(XPLOT,YPLOT,HTITLE,NTITLE(1),0,,40)
YPLDI=1 . 6xnI]1TLE S e

CALL SYMbOL(XPLOT,YPLOT,ATITLE,NTITLEC(L11),0,.r40)
. L _PLUT PrOPORTIOwAL SCALE e =
YPLOY=O,
e e KSCALE=NSCALE . —— e
CALL SYMBOUL (XPLOT,YPLOT,HTLITLE,'SCALE 1/',v.,8)
CALL NUMBFR(999,,999 (o uTITLELKSCALE 0 p=1])
C PLUT WURTH ARRULA,
v XPLOT=XMAN®2 .S - — =
YPLUT=5,v
i mo e CALL _NUKIH(XPLOT,YPLOT,2,0,GRIDORY . .
C WR1TE MESSAGE
CALL. SEAKCH(NSR)
WRITE (KUU1,140)
o 14u_FORMAT(//93X, 7110k, SCALE, AND NORTH akwOw HAVE BEEN PLUTIEDL'/
1 53%,47('="))
e e fR1TE. (KOUT,90) _hSK - -
RETURN
£ N
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e SUBRUUTINE GRDTIC(XCORN, YCORNXCOV,YCOV,GRIDUR,LGRID,HITE,KODE)
C FILLS IN WINUOW UN PLOTTEKR W1TH GRID TIChS ORIENTED 'GhRIDOR' DEGREES
e B EKUM _PLOJIER +Y AX1S, SPACFD'IGRID' INCHES, AND OF HIGART '*nlITE’',
C ~INDUWN IS OEFINED BY LEFT LOWER CORNER PLOT COURDS OF *XCOwMN, YCORN'
e £ AND DIMENS1OnS '"XCUV' BY *YCOV! S
C TH1S SUSKROUTInt MUST BE USED IN CONJUNCT1O0W NITH'SUBNOUTINE RUTRAN'
COMMUNZCRUIRN/XORIG, YORT G, ENSCAL L, THETA e o
C IF KODE=2 GRID TICKRS ARE LABELED Bu1 NOT PLOTTED WITH NUMBERS UF
e C_DIMENSION "HITE?! B
REAL*B XUR1G,YORIG,GX1,6Y1,6Xx2,6Y2,6X3,6Y3,6x4,6Y4,6D18T, ENSCAL:
- ~____4~£nl§14Lxﬁz£+ﬁxﬂE£*£altm+ﬁxl£u+ﬁxn,ﬁdn+LLBJD
C SULVE FOx PLOT CUOKDS OF ReEMAINInNG 3 CURNWERS,
- XIsXCORNSXL OV
Y1=2YCORN
I ¥-F & §
Y2=YCORN+YCOV
e X B3 XCORN
y3=ye
ceme ~LLONVERT T0 GkOLnNU. COURYS -
CALL RUTRAN(GX1,G5Y1,X1,Y1,2)
e e CALL ROTRAN(GEX2,5Y2,X2,Y¥2,2)
CALL RUTRAN(GX3,6Y35,X3,Y3,¢2)
oo CALL RUTRAN(GXG, Y4, XCURNL,YCOURN,2)
C SULVE #Ok MAXx & MIN VALUES OF GRUUND COOkKDS.
—— GAMAXSUMAXI (LX) 6X2,6X3,6Xd)
GXMINSUMINL(GX1,6X2,6%X3,6X4)
e BYMAXSDOMAXI(Y1,6Y2,GY3,6Y4)
GYMINSUMINI(GY1,6Y2,6Y3,6Y4)
oL _SOLVE FUK MIn, EVEw_VALUES OF GROUND COOKDS,.
GD1ST=LGRILXENSCAL
LGOIST=6UIS]+ U00Y
NTEMPSGXMIN/BLDIST
e GXREFSNTEMP 2L GDIST
NYTEMPSGYMIN/ZGDIST
i DYREFSNTEMPxLGLLST e
C S0LVe FOr NUmMmBER OF TICKS IN NORTH AWD EAS}Y DIRECTION.
e NI A S (G YMAX =G YMINI ZGDISTe ]
NTRSE=(GXMAX=GXMIN)/GDIST+1
—.C PLOT AT _LEAST 4 GKID_TICKS ON SMatl PLOTS.
IF(NTKON.LY.2) NIKSN=2
LF(NTKSE.LT.2) NTIKNE=P
C PLUT GRIU-TICKS. ELIMINATE THOSE WHICH DU NOT FALL WITHIN wINDUn.
C 1F KdDr=p2, JICKS ARE LABELED BUT NUTY PLOTTED
DO 3u KN=1,NTKSN
DU 2V _KE=],NIKDSE
GXTEMSGXREF+KE-LGDIST
GYTEMSOYREF+ANRLGDIST
CALL RUTRANW(GXTEM,GYTEM, XPLOI,YPLOUT,1)
1F (NIKSNLEW a2 AND NTKSE  EU. 2 AND KODE EN.1) GO YU S )
1F (XPLUT ¢G0T o XCoURXPLUT LT XCORNGOR,YPLUT,6T,Y3, OR YPLOT LT YCOkh
1) 60U TU 20
5 IF (KODE.t@.2) GU 10 10
CALL_ SYMbOL (XPL.OT,YPLOT,HITE,3,GRIDOR,=1)
60 Tu 20
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C LApEL bkiD=T1CK POSITIuN wlTH COUORUINATE VALUES — o
10 LONTINUE
C LASEL wOURTHING, SHIFT ,1 INCHES TO THE EAST,
GXUSGXTEmM+ 1 xENSCAL
GYUSGYTEM U2*ENSCAL
CALL RUTRAN(GXD,6YD,XPLOT,YPLOY,1)
_FPu=YTEM
CALL NUMBER (XPLOT,YPLOT,RITE,FPN,6KIDUK,=1)
. CALL._SYMBUL(Y99,,999,,HITE, N’ i
C LAYEL £ASTING, SHIFT ,1 INCHES TO THE SOUTH,
BXUSLXVEM+, U2 xENSCAL
LYUuSOYTEM= 1 *EWSCAL
e o LALL ROTRAN(GXD,GYD, XPLOT,YPLOT,1) —n
ANG=GRIDUR=9U v
FPNEGXTEM
CALL NUMBEKR (XPLOT,YPLOT,HITE,FPIN,ANG,~1)

e LALL SYMLOL(99Y,,999, ,HITE,'F',ANG,)
2u LUNTINUE

w3V CONIINUE I
KETURN
RS X' 72




SUSKRUUTINE MAXMIN(X,Y)

C MAIMTAINS UP TU UATE THE VARIABLES IN COMMUN 'XMAX,YMAX,XMIN,YdIn'

LOMMUN/CHMAXMN/ XMAX, YMAX ) XMIN, YMTN

XMAXSAMARY (X XMAKX)

YMAX=AMAXRY (Y, YMAX)
AMINSAMING (X, XMIN)
YMINSAMINT(Y,YMIN)
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RETIRN
o END ~
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SUBkUUTINE ERASHMM S -
C SEV> VALUES UF MAX=MIN VARIABLES Tu EXTREME VALUES TO START NEa TaLLY,
COMMUN/CMAAMN/XMAX ) YMAX ) AMIN, YMIN . B ;
XMaxz«1,uEcU
YMAXS=1,0E2Y
XMInN=1,0E2V
_YMINZiL.0kQU
KETURN
D) e
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. _SUBRUUTINE ROTRAN(X1,Y1,%2,Y2,KODE)
c aCALES KUTYATES,AND TKRAWSLATES FRUM UwE COORDINATE SYSTEM TO ANOTNER.
C 1F KUDE=1, FrO# ULD_T0 WEw, IF KODEz2 F&kOM NEw TO OLD_
COMMUN/ZCROTRN/XORIG, YORIL,ENSCAL,ANGLE
REAL%8 X1,Y1,XURIG,YORIG,YTEMPL, XTEMPL,ENSCAL
REAL®E8 XTEMP,YIEMP, THETA,ANGLE ,DUM,SIN,COS
SIn(bUMISDSIN(DUM)
COS (LUMI=DLOd (LUM)
€ CHECK KUUE_TO_SEE _wHAT DIKECTIIUN CONVEWRSION IS IN, . ..
C 60 Tu APPRUOPRJIATE PARKT OF PRUGKM,
IF (RUDELEW,2) 66U 10 19
C CONVERDIUN IS FRUM OLD TU NEw SYSTEM,
- C_ 1RANOLATE COURYS TU PARALLEL SYSTEWM wITH SAME ORIGIN AS nNFw SYSTEM .
C ANU REDLUCE TU THE SAME SCALE.
C_JTHETASANGLE
XTEMPS(X1=XORIG)/ENSCAL
e YTEMP=(Y1=-YORIG) ZENSCAL

C ROTATE TU NEw COUORD SYSTEM,
rme e KX JEMPACUS (THETA) ¢ YTEMPASTIN(THETA) —
Y2=YTEMPRCUS (THETA)=XTEMPxOIN(THETA)
a0 JL 20
C CONVEKRSION 1S FRUM NEw TO OLD
. 10 CONTInUE
C RUTATE PARALLEL 170 OLD SYSITEM
JlHETAS=ANGLE
XTeMP=x2*CUS(THETA)+Y2xSIN(THETA)
_ YTEMP=SY2xCUS(TRE1A)=X2*SIN(THETA)
L CHAJbE SCALE TO SAME AS ULD SYSTEM
XTEMPD=XTEMPxENSCAL
YTEMPD=YTEMP*EWSCAL
oL TRANSLATE YO SaMiE ORIGIN AS OLD SYSTEM
X1=XTEMPD+XURIG
; YI=YTEMPL+YORIG
C ENv UOF SUBKUUTINE,
20 RETURN_
ENU




FUNCTIUN LIMP(XPLOT,YPLOT)
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C 1ESTS TO SEE If'XPLUT & YPLOT!
C LIMITS'XMANGYMAN®, RETURNS ‘¢!

ARE WITHIN PERMISSABLE PLOTIER

1F UsKey

l1'

1F _NOT_ wlTHIN, __

CUMMUN/CLIMP/XMMAN, YMAN
e L 1E=0

1F (XPLOT oLT o0, 0 0KoXPLOT.GToXMANSORSYPLOT LT 40U OR.YPLOT .G, YMAN

1) LIimP=}
RETURN

e END




e
c

___SUokUUTINnE MULTOB(XMOD, YMOD,2MOD,NPTS, NUBS)
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‘AVERAGES REAUIwGS OF DIGITIZED XYZ MUDEL COUKDINATES,
"NUBS '=NUMOEx OF ObSERVATIONS
COmMMON/MULT/KST, 10,108

"INTEGER XMUD (1), YMOD (1), ZMOD (1)
REAL®8 SUMX, SUMY,SUMZ

IF (huBd>,LE.1) GU TO 40V
_ DU _368 N=1,NPTS,NOBS

uUmxs0,
_SumMY=zg,

sumz=o, o

.- .0 306 K=1,N0B5

SUMXSXMOU (N+K=1) +SUMX

L. SUMYSYMOL (nen=1) +5UMY

36b SUMZSZMOL (N+K=1) +SuUMZ
L oNEwS(NeNUBO=1)/NUBS

KST(NEN)SKST(N)

— R B S VIR

€ CHECh FUR COKRRECT MULTIPLE OF POINTS & CALC NEw # OF PUINTS

1o (NeEw)sIuS (W)
- AMUD(NEN)SSUMX/NUBS

YMUD (NEW) SSUMY/NUBS
368 LMoD(NEW)sSUMZ/NUBS

oA AMOD (NPT O, NOBS) W NEL0) WRITE( 6,369)
369 FORMAT(/5X,'*DIAGNOSTIC* NUMSBER OF CUNTRUL PUINTS DIGITZED IS NOT

AN _EVEN _MULTIPLE OF NUWBER OF OBSERVATIONS.')
NPISSNPTS/NOBS

400 NETurN

END
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